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WESTERN HEMISPHERE CRETACEOQOUS ITIERIIDAE GASTROPODS

By Heinz A. KoLLMANN * and NorMAN F. SoHL

ABSTRACT

The presence of representatives of the itieriid (Nerinae-
cea) gastropod genera Vernedia and Sogdianella in Creta-
ceous rocks of the Western Hemisphere is reported for the
first time. In addition, Pervviella Olsson is transferred from
the Actaeonellacea because it possesses an anterior canal,
thus precluding the cephalic shield characteristic of cephala-
spidean Opisthobranchia. The occurrence of Peruviella gerthi
Olsson in the area from Peru to Brazil and thence to Angola
suggests a marginal Tethyan distribution pattern, whereas
the other species discussed are more typically distributed
through the main central Tethys biotic realm.

INTRODUCTION

Representatives of the nerineacean family Itierii-
dae occur widely in the shallow warm-water faunas
of the Tethyan province of most areas during Mid-
dle Jurassic to Late Cretaceous time. Of all the gen-
era assigned to the Itieriidae, only the genus Phan-
eroptyxis has previously been recognized from the
Western Hemisphere. Records of this genus are
rare, resting only on Phaneroptyxis anguillana
(Castillo and Barcena) of Cserna (1956) from the
Lower Cretaceous of southern Mexico and on Phan-
eropltyxis? angulata Imlay (1941) from the subsur-
face Smackover Formation (Jurassic) of Arkansas.
Aguilera (1906) cited the additional nomen nudum
Phaneroptyxis teloloapensis from the Cretaceous of
Mexico. One major reason for the dearth of any
significant record for members of this family in this
hemisphere is the superficial external morphologic
resemblance many species bear to members of the
Actaeonellacea. Thus, a number of the species we
discuss here were originally described under Actaeo-
nella, a group belonging to an entirely different
order, the cephalaspidean Opisthobranchia.

1 Geologisch-Palaeontologische
Vienna, Austria.

Abteilung  Naturhistorisches Museum,
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NOTES ON PALEOBIOGEOGRAPHY

The three itieriid genera Vernedia, Sogdianella,
and Peruviella, discussed here, had somewhat dif-
ferent patterns of distribution. In all patterns, how-
ever, they are associates of either shallow, warm-
water Tethyan or marginal Tethyan faunas. The
most widely spread of the genera, Vernedia (fig. 1)
occurs from Mexico across Europe and the Middle
East to India, and possibly to Borneo and Japan in
a pattern closely approximating that for orbitolinid
formaminifers or rudist bivalves. Within this range,
however, some separation of species groups occurs
that may reflect provinecial separation. As discussed
in the systematics part of this paper, the Mexican

Al
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and south Indian species are morphologically closer
akin to each other than to the European and Middle
Eastern species. As has been pointed out by several
authors, Caribbean rudist bivalves show consider-
able differentiation from their coeval Mediterranean
relatives but are similar to forms found on Creta-
ceous Pacific atolls. The amount of difference in the
Vernedia species, however, is not as great as in the
rudist examples. In Vernedia, this is a species group
level difference as opposed to the generic level dif-
ference among rudists. Although Sogdianella is less
common and less diverse than Vernedia, the distribu-
tion of Sogdianella roughly parallels that of Verne-
dia (figs. 1 and 2).

The genus Peruvielle shows a different distribu-
tion pattern (fig. 2). With the exception of occur-
rences associated with the rudist framework facies
in the Albian of Texas, its presence in the Albian
of Peru, Brazil, and western Africa is paralleled by
other Cretaceous molluscan genera. For example,
the arcoid bivalve genus Pseudocucullaea possessed
a similar distribution (Darteville and Freneix, 1957,
p. 42). This pattern of distribution may also be seen
in the marginal marine or brackish-freshwater tran-
sition gastropods of the Thiariidae. The Thiariidae
maintain such a dispersal pattern well into Tertiary
time but later split into endemic centers. In essence,
the pattern appears to be best described as southern
submarginal or marginal Tethyan as opposed to the
more truly Tethyan occurrence of Vernedia and
Sogdianella.

SYSTEMATIC PALEONTOLOGY

Order ENTOMOTAENEATA Cossmann
Superfamily NERINAECEA
Family ITIERIIDAE Cossman, 1896

The family Itieriidae is widely represented and is
diverse in the Cretaceous deposits of Europe, the
Middle East, and Transcaucasia. In the Western
Hemisphere, however, occurrences are sporadic.
Aside from the two species of Phaneroptyxis noted
before, only five species assigned to three genera
are presently known. These are as follows:

Vernedia freisi, n. sp.
Peruviella gerthi Olsson
Peruviella dolia (Roemer)
Sogdianella peruviana (Olsson)
Sogdianella subeylindrica n. sp.

The presence of these species in rocks ranging in
age from Albian to Maestrichtian and in geographic
extent from Peru to Texas (figs. 1 and 2) suggests
that this record reflects only minimal potential di-
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versity. In part, it may reflect the rather poorly
known or poorly represented Cenomanian to Conia-
cian near shore deposits, especially in the Caribbean
region.

The species herein assigned to Veirnredia would
previously have been considered as belonging to
Itruvia. The genus Itruvia was considered closely re-
lated to Itieria by Stoliczka (1868) and was later
placed within the family Itieriidae by both Cossmann
(1896) and Wenz (1938-44). As we indicate in the
discussion of Vernedia, the type species of Itruvia
appears to be a cerithiid. Both Peruvielle and Sog-
dianella were considered as Actaeonellidae by their
describers. Zilch (1959-60) followed Olsson (1934)
in accepting the systematic position of Peruwviella
within the “Aceaeonellinae.” The related genus Sog-
dianella was later described by Djalilov (1972). The
reason these two genera are considered herein as
Itieriidae is primarily the form of the whorl base.
Olsson (1934) mentioned in the description of Peru-
viella gerthi, the type species, that the base of the
body whorl ends in a small projecting beak. This
morphologic feature is a fragile part of the shell
and is usually broken off, but its shape can be de-
duced from the form of the whorls and columella in
cut section. The columella is partly hollow, and it
has a central pillar with concave sides. This pillar
was originally the anterior canal of the whorls and
was, ~t a later growth stage, filled with shell
material.

The pillar is very distinct in Peruwvielle but not in
Sogdianella, where it is short and only slightly con-
cave at the sides. Thus, in Sogdianella, the columella
is either solid or only slightly hollow. The description
of Sogdianella on following pages demonstrates its
close similarity to Peruvielle and its differences from
Actaeonella, and it is, therefore, reassigned to the
Itieriidae.

Although the Cenomanian genus Fotrochactaeon
Hacobjan, 1972, does not occur in the Western
Hemisphere, its systematic placement parallels the
case for Peruviella. Hacobjan (1972) placed Eotro-
chactaeon within the “Trochactaeonidae,” but, like
the genera discussed before, it possesses the hollow
columella and central pillar of the Itieriidae. Un-
like Peruviella and Sogdianella, however, it is not
involute but has a short spire. Hacobjan (1972) de-
fined Eotrochactaeon as follows: “Shell large, oval,
consisting mainly of the last whorl; spire short,
sometimes hardly projecting or almost invisible;
whorls moderately convex, with an inclined sutural
ramp in the upper portion; aperture elongate, semi-
lunate, broad, gradually and evenly tapering towards
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the base; walls very thick, smooth, a little arched
on top; columella with three plaits, vestiges of a
narrow almost closed umbilicus.”

On the basis of the characters of shell form and
aperture, the Acteonellidae are considered cephalas-
pidian Opisthobranchia gastropods. Any shell that
possesses an anterior canal would not be amenable to
placement in the family, as the possession of such a
feature contravenes the possession of the character-
istic cephalic shield. Thus, the demonstrated pres-
ence of an anterior canal in both Peruwtella and
FEotrochactaeon cannot be considered an example of
character homeomorphy, and it supports their ex-
clusion from the Actaeonellidae and placement in the
Itieriidae. The placement of Sogdianella in the
Itieriidae, however, rests on the less strong basis of
its similarity to Peruviella.

Genus Vernedia Mazeran, 1912

Type species.—Vernedia lawrent: Mazeran, 1912,
by original designation.

Discussion.—Douville (1921), Wenz (1940, p.
829), and subsequent workers have considered Ver-
nedia Mazeran as a synonym of Itruvia Stoliczka
(1867). Stoliczka did not designate a type species
but listed several species as being representative for
the genus, among them Pyramidelle canaliculata
d’Orbigny. This species was subsequently designated
by Cossmann (1896) as the type species of Itruvia.

Mazeran (1912) proposed the generic name Ver-
nediq and argued that the type species of Itruvia, as
used by both d’Orbigny (1843) and Cossmann, com-
prised two different species of gastropods. The spe-
cimens from the upper Turonian of Uchaux, France,
that have a smooth concave columella and no interior
plication were described by Mazeran as Vernedia
canaliculata  (d’Orbigny). The other material
(d’Orbigny, 1843, pl. 164, figs. 4, 5), which was de-
scribed originally from the French Province of
Gard, was included by Mazeran in his new species
Vernedia laurenti. This species is characterized by
both a columellar plait and a parietal plait, accord-
ing to Mazeran’s figures. Mazeran explicity desig-
nated laurenti as type species of Vernedia. Although
Mazeran’s total suppression of the name Itruwvia is
not correct in a nomenclatorial sense, we agree with
him that “Pyramidelle canaliculate d’Orbigny” in-
cluded two different gastropod taxa. Thus, Mazeran’s
separation and description of one of these species as
Vernedia laurenti and the type of his new genus
must be viewed as valid. As Douville (1921) pointed
out, even though d’Orbigny’s original definition of
Pyramidella canaliculata refers primarily to the
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specimens from Gard, Mazeran’s discussions restrict
the name to the specimens that came from Uuchaux,
France. These specimens thus form the basis for
understanding P. canaliculata, the type species of
Itruvia. We agree with Douville that the type species,
and, therefore, the genus Itruvia is closely related to
the cerithiid genus Campanile. In summary, Ver-
nedia cannot be considered as a junior synonym of
Itruvia. Thus, all species from Europe and Asia that
have been hitherto incorporated within Itruwvia, ex-
cept for the forms identical with I. canaliculata from
Uchaux, should be assigned to Vernedia.

The oldest species of Vernedia occur in rocks of
Cenomanian Age. The genus is most widespread and
diverse in rocks of Cenomanian and Turonian Age
(fig. 1), but a few are to be found as late as the Cam-
panian and Maestrichtian deposits of Southern India
(Stoliczka, 1867).

The only species of Vernedia known in the West-
ern Hemisphere is V. freisi, described below, from
Mexico. Its closest affinities are with V. globoides
(Stoliczka) from southern India rather than with
the European and Transcaucasian species discussed
below.

The following species differ from Vernedia freist
in possessing a longer, thinner pillar, but all belong
in Vernedia and are here transferred:

Itruvia gigantea Ptselintsev, 1953
armenica Ptselintsev, 1953
subornata Ptselintsev, 1953
fergenensis Ptselintsev, 1953
armenica ornata Ptselintsev, 1953
caucasica Ptselintsev, 1953
angusta Ptselintsev, 1953
subcarinata Ptselintsev, 1953
cycloidea Ptselintsev, 1953
subcycloidea Ptselintsev, 1953
dolioliformis Ptselintsev, 1953
cerithiformis Ptselintsev, 1953
stephanovi Ptselintsev, 1954
ovalis Ptselintsev, 1953

The above listed species come from lower Turo-
nian deposits of the Transcaucasia. When consider-
ing the amount of variation in proportional height
of spire and resulting relative obseity of the body
whorl shown by specimens of V. freisi, one may
doubt the advisability of proposing so many species
for forms from a narrow stratigraphic interval in a
single region. Without having seen Ptselintsev’s
original material, we believe that the above listed
species consist of only two groups. We feel that
each group probably deserves no more than species
rank. These are as follows:



A6

1. Vernedia cycloidea group. Oviform to globular
shells; base concave to flat; columella inclined;
parietal ridge rounded and low. The group con-
sists of the species Itruvia cycloides, I. sub-
cycloides, I. caucasica, and I. gigantea. In addi-
tion, Itruvia abbreviata (Phillippi) morfa, A, B,
C of Lupu, 1966, belong to the same group. Rep-
resentatives of this group have also been found in
Austria (Kollmann, 1968).

2. Vernedia armenica group. High-spired Vernedia
with strong prosocline, transverse ribs, and rows
of nodes on the upper part of the whorls; base
tapering, columella high, almost vertical, with a
rather weak plait; parietal ridge much stronger
than in the Vernedia cycloidea group. The
Vernedia armenica group consists of I. armenica,
I. subornata, 1. fergenensis, I armenica ornata,
I. subcanaliculata, I. angusta, I. cerithiiformis,
1. stephanovi, and 1. ovalis.

The middle Cenomanian species that Rahman
(1967) described from Hoelzelsau in Tyrol, Austria,
all belong to the V. armenica group. The transverse
ribs are dissolved or pinched into a variable num-
ber of nodes. All the forms described by Rahman
were found at the same stratigraphic horizon in the
same outcrop. They do not differ significantly in
apertural characters or in columellar and parietal
structures and probably belong, therefore, to the
same species.

Vernedia abbreviata (Phillippi), 1851, is high
spired and has a more or less convex last whorl.
The illustration of that species provided by Lupu
(1966) and Stoliczka (1868) shows that the parietal
ridge is prominent and similar to the other high-
spired Vernedia mentioned above. The outer shell
surface is smooth.

Vernedia globoides (Stoliczka) (1868) from the
Arrialoor group (Campanian and Maestrichtian) of
Comparapolliam in the Trichinopoly district in
southern India shows a remarkable similarity to V.
freisi if figure 1, plate 14, of Stoliczka is correctly
drawn. It is subcyelindrical, the columella is concave
externally and twisted outwards in its lower part.
As the concave part is much higher here than in the
aperture, where obviously a columellar lip with a
plait is present, we may conclude that the concave
side of the pillar is exposed. Compared with Ver-
nedia freist from Mexico, the last whorl of the spe-
cimen of V. globoides figured by Stoliczka is propor-
tionally higher, and the maximum diameter is not as
high.
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FIGURE 3.—Relationship of height and
maximum diameter among specimens
of Vernedia freisi Kollmann and Sohl.

Vernedia freisi Kollmann and Sohl, n. sp.
Figures 4 b, ¢, 5 a—e.

Diagnosis.—A Vernedia with a thick, stout, colum-
ellar pillar bearing convex sides.

Description.—Globose shells of medium size; maxi-
mum diameter 60-70 percent of total height; spire
high, more than eight whorls, sides concave to
slightly convex; whorls with narrow inclined sub-
sutural ramp. Body whor! convex, with a depression

FIGURE 4.—Camera lucida drawings of axial sections of:

a. Sogdianella aff. S. peruviara (Olsson) (X 2.5)
from the Actaeonella limestone. Cerro Negro,
Paita region, Peru (USGS 31452; USNM 25304).

b, c. Vernedia freisi Kollmann and Sohl, n. sp. (x 1.3
and 1.5), paratypes from near Armeria, State of
Colima, Mexico (USGS 26391; USNM 251301
and 251300).

d. Peruviella gerthi Olsson (X 1.3), from Pananga
Formation, Pan de Azucar, western foothills of
the Amotape Mountains, near Talara, Peru
(USGS 27061; USNM 251305).

e. Peruviella dolium (Roemer) (X 1), from the Lower
Cretaceous of Texas (UT2 1030).

f. Peruviella dolium (Roemer) (x 1.6) from Flat
Mesa 6.4 km north of Sierra Blanca, El Paso
County, Tex. (USGS 1809; USNM 251307).

g. Peruviella dolium (Roemer) (X 1), from the Fin-
lay Mountains, Hudspeth County, Tex. (USGS
1909; USNM 251309).
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of the posterior exhalant siphon; namely, the
growth lines, which are orthocline throughout most
of the shell, are curved backward in the uppermost
immediate subsutural part. The cut sections show
that the first-formed parts of the outer and inner
walls of the whorls are secondarily thickened in the
upper part of the aperture, which thus become nar-
rowed considerably. Between this point and the su-
ture, the whorls again increase in width and widen
interiorly. The whole structure is then filled by later
shell layers. The exhalant siphon is, therefore, a
combination of a notch as indicated by backcurving
sinused growth lines and a funnellike structure. It
opens on top of the shell and is more or less twisted
to one side. In large specimens, this siphon opens
into the apical perforation.

Actaeonelle has a shell with convex sides, the
whorls are broader interiorly than in Sogdianella,
and the columella has more or less parallel sides and
is solid. In addition, the axis above the shell center
is solid, and the whorls do not join together loosely
as in Sogdianella. In Actaeonella, the posterior ex-
tension of the aperture opens on top, but, unlike
Sogdianella, it is not twisted to the side and there is
no notch.

FIGURE 6.—Sogdianella subcylindrica Kollmann and Sohl,
n. sp.; Sogdianelle peruviana (Olsson); and Peruviella
dolium (Roemer).

a,b. Back and front views (X 1) of the holotype
from the Habana Formation in Oriente
Province, Cuba (USGS 19464; USNM
251302).

¢. Axial section (X 1.5) of a paratype from the
type locality (USGS 19464, USNM 251303).

d,e. Sogdianella peruviana (Olsson). Front and back views

(X 1) of the holotype from the Pananga Forma-

tion, Pan de Azuear, Amotape region Peru. Paleon-

tological Research Institute, Ithaca, N.Y.)

f—k. Peruviella dolium (Roemer)

f. Front view (X 1) of a specimen from the
Finlay Limestone (?), at Flat Mesa, El
Paso County Tex. (USGS 1809; USNM
77559).

g. Front view (X 1) of a specinien from the
same locality as figure f (USGS 1809;
USNM 253110).

h. Front view (X 1) of a specimen from the
same locality as figure f (USGS 1809;
USNM 253110).

i. Axial section (X 1) of a specimen from the
Finlay Mountains. Hudspeth County, Tex.
(USGS 1909; USNM 251308).

j. Axial section (X 1) of a specimen from
Lower Cretaceous of Texas (TU21030).

k. Back view (X 1) of a specimen from the
Finlay Limestone (?) at Flat Mesa, El
Paso County, Tex. (USGS 1809; USNM
253112).

All

Peruviella Olsson has wide whorls with a longer
anterior canal than Sogdianella, and the columella
has much hollow space between the central pillar and
the columellar lip of the following whorls.

In Ovactaeonella Djililov, the whorls are broadly
rounded at the base and the shell has, at least in later
growth stages, an umbilicus. Ompheloactaceonella
Hacobjan, 1972, is so similar morphologically that
we here place it in synonomy of Ovactaeonella.

Sogdianelle ranges from strata of Albian Age
through the Late Cretaceous. Both the earliest rec-
ord (Sogdianella peruviana (Olsson)) and the
youngest record (Sogdianelle subcylindrica Koll-
mann and Sohl) are from the Western Hemisphere.
Through middle Cretaceous time, however, Sogdia-
nella is known only from central Europe, the Middle
East and Transcaucasia. The lack of record in North
and South America from Cenomanian time to the
Maestrichtian may, however, be due to lack of knowl-
edge and proper facies rather than absence of the
genus.

Sogdianella subcyclindrica, Kollman and Sohl, n. sp.
Figures 6 a, b, ¢

1955. Actaeonella (Volvulina) n. sp. Lewis and Straczek,
U.S. Geol. Survey Bull. 975-D, p. 194.

Diagnosis.—A Sogdianelle with a moderate apical
perforation and a body whorl that is, in profile,
slightly depressed medially.

Description.—Medium-size, subcylindrical invo-
lute shells; body whorl slightly depressed medially;
uppermost part in small growth stages has an obtuse
tip; in later stages rounded and in the last growth
stages moderately perforate. Aperture very narrow,
slightly wider in lower part; columella short with
three plaits that decrease in strength anteriorly,
lowermost one is very weak and rounded on top.
Edge of columella bends downward just outside
aperture; basal lip narrow, slightly beaklike, pro-
longed, and excavated over its whole width.

Measurements.—Holotype, H, 66.6mm; MD, 36.1
mm. Paratype, H, 53.2mm; MD, 25.8mm.

Discussion.—Although the aperture of the holo-
type is broken, the narrow basal lip is preserved
and together with the palatal lip forms the char-
acteristic small beaklike protrusion (fig. 6a). The
three columellar plaits, the completely involute
shell in juvenile stage, and the posterior perfora-
tion or pit in large shells are all features charac-
teristic of Sogdianella. -

Sogdianella, peruviana Olsson has more convex
whorl sides and is, thus proportionally more narrow
both anteriorly and posteriorly.
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Occurrence.—Habana Formation; (USGS 19464)
25.5 km east of Central Miranda, on the La Caoba—
Sumidero road, Oriente Province, Cuba.

In addition, several incomplete specimens from the
Habana Formation on the El Macho River, south
coast of Oriente Province, Cuba (USGS 23743),
may belong to this species.

Age.—Available evidence from associated fossils
suggests a Maestrichtian Age. Reeside (in Lewis
and Staczek, 1955) considered the Habana Forma-
tion in which Sogdianella has been found as “late
Upper Cretaceous.”

Types.—Holotype,
USNM 251303.

USNM 251302. Paratype,

Sogdianella peruviana (Olsson)

1934. Actaeonella peruviana Olsson, Bulls. Am. Paleontology,
v. 20, no. 69, p. 71-72, pl. 9, fig. 7.

Description (from Olsson, 1934), p. 71.—“Shell
large, elongate, cylindrical, somewhat broader in the
anterior portion than in the posterior; body-whorl
completely enveloping the preceding whorls but with
the posterior portion of the shell somewhat con-
tracted and produced; section of the shell shows
numerous whorls which are not resorbed; columella
with three plaits; external surface smooth; aperture
narrow, linear, following the contour of the shell.”

Measurements—The holotype of S. peruviana
(Olsson) measures 104 mm (posterior end lacking)
in total height and has a maximum diameter of
30 mm.,

Discussion.—Olsson (1934, p. 72) indicated that
Sogdianello, peruviona is among the most common
and characteristic fossils present in limestone of the
Pananga Formation of the Amotape region of north-
ern Peru. Unfortunately, only the holotype is avail-
able for study as Dr. K. Palmer (written commun.,
1974) stated that no additional specimen of the spe-
cies are present in the collections of the Paleontologi-
cal Research Institute, Ithaca, N.Y. As shown in
figure 6d, the holotype lacks the upper part of the
aperture, and the columellar plaits are not readily
apparent. Thus, information on variability and
plait characters must rest on Olsson’s description
and discussion, which was evidently based upon sec-
tions made from specimens other than the holotype.
In his discussion of S. peruwviana, Olsson (1934)
mentioned that young shells are less cylindrical than
the adult forms and that sections show numerous
whorls.

Although the holotype is not sufficiently preserved
for positive generic identification, its similarity to
the specimens described under S. aff. S. peruviana
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makes a strong argument for their placement in
Sogdianella.

Occurrence.—Pananga Formation, Pan de Azucar,
Quebrada Muerto, and Quebrada Culebra, Peru
(Olsson, 1934).

Age.—Albian.

Type.—Holotype, Paleontological Research Insti-
tute, Ithaca, N.Y.

Sogdianella aff. S. peruviana (Olsson)
Figure 4a

1928. Actaeonella (Volvulina) sp. Gerth, Leidse Geol. Meded.,
v. 1928, pt. 2, Afl. 4, p. 233.

Discussion.—Six specimens in the collections of
the U.S. Geological Survey from Cerro Negro, Paita
Region, northern Peru (USGS 31236) may be re-
lated to Olsson’s species. They differ mainly in hav-
ing more convex sides and are broader proportional
to height. They are similar to A. peruviane Olsson
in the many narrow whorls seen in section and in
the whorls being almost equally narrow in both
anterior and posterior parts of the whorl (fig. 4e).
The shells lack a palatal ridge, the columella is broad
and low, and anteriorly it is strongly inclined toward
the shell axis. The columella bears three plaits that
decrease in strength anteriorly and is concave below
the plaits.

The above mentioned features are characteristic
of Sogdianella. Their specific identity with Actaeo-
nella peruviana Olsson is tentative not only because
of the morphologic differences mentioned above, but
also because of differences in age of the two strati-
graphic levels represented. Actaeonelle peruviana
Olsson occurs associated with an Albian ammonite
assemblage (Olsson, 1934, p. 13). Our specimens
seemingly come from the ‘“Actaeonellen-Rudistin-
kalkstein” of Gerth (1928), which Olsson (1944, p.
15) has called the “Actaeonella limestones.” This
limestone occurs above beds containing sphenodiscid
ammonites. The presence of Praebarrettia peruviana
Gerth in these beds suggests that the age is early
Maestrichtian. Olsson himself vascillated on the
affinities of the ‘“Actaeonella limestone” gastropod
species, first (Olsson, 1934, p. 10) considering the
two to be possibly the same, but later (Olsson,
1944, p. 72) stating that the two were probably
distinct.

Although the generic status of Actaeconella peru-
viana Olsson cannot be proved, its gross similarity
to the specimens discussed here from Cerro Negro
suggests that it belongs in Sogdianella.

Occurrence (USGS 31452) —*“Actaeonella lime-
stone,” Cerro Negro, Paita Region, Peru.
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Age.—Early Maestrichtian.
Type—Hypotype USNM 251304.

Genus Peruviella Olsson, 1944
(Synonym: Peruvia Olsson, 1934 non Peruvia Scudder, 1890.)

Type species.—Peruvia gerthi Olsson, 1934, by
original designation.

Diagnosis.—Globose shell with involute to im-
mersed apex. Aperture with basal beak, columella
either solid or hollow, and bearing three plaits.

Discussion.—Olsson described this genus first in
1934 and named it Peruvia. As that name was pre-
occupied, he substituted Peruvielle (Olsson, 1944).
The following description of the genus is taken from
Olsson, 1934 :

Shell ovate, globose; the spire is pointed, its sides impressed
but completely enveloped by the last whorl; base of the shell
is rounded with a short, projecting beak; aperture narrow,
somewhat wider in front and extending the full length of
the shell; the pillar and the anterior portion of each whorl is
strongly thickened with callous deposit; columellar folds are
absent at maturity or they are reduced to a single, small plait
situated at the upper edge of the callus on the parietal wall.

An examination of the holotype of the type spe-
cies Peruviella gerthi shows that the first whorls of
the shell and the basal parts of the whorl are filled
with calcite (fig. 57). As the shell is also calcified,
the plaits are hardly visible. Other paratypes show
three plaits clearly (fig. 4d).

Peruviella gerthi Olsson, 1934
Figures 4d, 5f-k

1928. Actaeonella cf. gigantea Sowerby.— Gerth, H., Leids.
Geol. Meded., v. 1928, pt. 2, Afl. 4, p. 232-241,

Pervia gerthi Olsson, Bulls. Am. Paleontology, v. 20,
no. 69, v. 59, p. 73, pl. 9, fig. 1-3.

Trochactaeon sergipensis Maury. Brazil, Servico Geol.
Mineralog. Mon., v. 11, p. 222 (225) pl. 13, figs. 2,
5, 6, 8.

Peruviella gerthi Olsson. Bulls. Am. Paleontology, v.
28, no. 111, p. 6.

1934.

1936.

1944.

Diagnosis—A Peruvielle with the upper part of
the whorls compressed and the base of the aperture
extended to a beaklike process.

Description (from Olsson, 1934, p. 73) .—*“Shell of
medium size, ovate, globose; spire completely en-
veloped by the last turn but with the posterior or
apical portion of the shell somewhat produced and
pointed; the sides of the whorls in the posterior re-
gion are noticeably impressed, while just below the
whorl appears slightly shouldered; the base of the
body whor] is rounded ending in a small, projecting
beak; surface smooth except for lines of growth;
character of complete aperture unknown * * *
(Olsson, 1934).
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F1GURE 7.—Relationship of height and maximum diameter in
Peruviella gerthi Olsson (cross) and Peruviella dolium
(Roemer) (circle).

Measurements (fig. 7).—Holotype: H, 63.0 mm;
MD, 45.0 mm (upper part of shell incomplete).
Paratypes: H, 39-51 mm; MD, 57—71 percent of
total height.

Discussion.—Restudy of the available material
provides the following additional information on
shell characters. The middle of the shell is consis-
tently the broadest dimension. The columella of
Peruviella gerthi is highly inclined to the shell axis
(fig. 55) and bears three plaits of which the pos-
terior-most is stronger than the others and is in-
clined upward. The columella below the plaits con-
stitutes about one-third its total height.

The species Trochactaen sergipensis from Brazil,
described by Maury (1936, p. 222), appears to be-
long to this species. In addition to Maury’s illustra-
tions, we have been able to examine two specimens
collected by Peter Bengston of the University of
Uppsala, Sweden. These specimens came from the
Carapeba Quarry, 2.4 km northwest of the village
of Pedra Branca on the west side of the Pedra
Branca to Riachuelo road in the State of Sergipe,
Brazil. The specimens were collected from an oolitie
limestone within the Maruin Member of the Ria-
chuelo Formation. Associated with the Peruviella
specimens were the ammonites FElobiceras inter-
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medium Spath and Elobiceras subelobiense Spath
indicative of a late Albian Age. Although this is not
the same locality as that from which Maury’s spec-
imens came, they are from the same stratigraphic
unit.

Compared with Peruviello dolium this species is
proportionally narrower (compare figures 4d and 4f
and ¢) and has a longer columella.

Occurrence.—Peru, Pananga Formation at Pan de
Azucar, Amotape region. Brazil, Riachuelo Forma-
tion, Marium Member, near Riachuelo, Sergipe
Province.

Age.—Middle to late Albian.

Type.—Holotype, PRI 3753. Paratype, PRI 3752.
Hypotypes, USNM 251805, 251306.

Peruviella dolium (Roemer), 1849
Figures 4de-g, 6f-k

1849.
1852.

Actaeonella dolium Roemer, Texas, p. 411.

Actaeonella dolium Roemer. Roemer, Die Kreidebildun-
gen von Texas, p. 43, pl. 4, fig. 4.

Acteonella anchietai Choffat in Choffat and de Loriol,
Soc. Physique et Histoire Nat. Genéve Mém, v. 30, no.
2, p. 73, pl. 3, fig. 3-5.

Volvulina texana (Roemer). Adkins, Texas Univ. Bull.
2838, p. 196.

Actaeonella dolium Roemer. Stanton, U.S. Geol. Sur-
vey Prof. Paper 211 p. 109, pl. 67, figs. 1, 3, 4, 7, 10-12,
Actaeonella anchietai Choffat. Darteville and Brébion.
Mus. Royal Congo Belg Ann., Sei. geol. v. 15, p. 95 (all
records in Africa).

1888.

1928.
1947.

1956.

Diagnosis.—A Peruviella that has a broadly ovi-
form to globular and anomphalous shell. Small shells
are involute, but larger shells are apically perforate.
The columella is proportionally short.

Description (from Roemer, 1852.—‘“Shell rather
long; truncate at the base, pointed at the top, sur-
face smooth ; without spire, whorls concealed by the
preceding ones; much broader at the lower end,
sloping slowly to the upper end; inner surface folded
near the base; three regular and acute plaits.”

Supplementary description.—Shell form varies ac-
cording to growth stage, small specimens are strong-
ly convex medially, apical slopes broadly concave
terminating in pointed apex (fig. 6g) ; large speci-
mens have a barrellike to globular form with mid-
whorl only slightly convex to vaguely concave, apical
and basal slopes broadly rounded. Shell completely
involute in early stages but in later stages body
whorl not completely enveloping thus leaving an
apical pit (fig. 6¢). Growth lines are broadly sinuate
over upper half whorl surface in area coincident
with maximum shell diameter. Aperture narrow
throughout length, anterior part terminates in a
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small beak. Columella, in form of an inverted cone,
is hollow between beak and preceding whorl, bears
three equally spaced plaits over upper part, and is
smooth over an equal distance anteriorly.

Measurement (fig. 7).The holotype is an internal
mold of no value for measurement. Other specimens
are as much as 93 mm in height and have a maxi-
mum diameter of about 60-100 percent of total
height.

Discussion.—Peruviella dolium (Roemer) is a
widely distributed species that is variable in several
morphologic features. For example, the apical pit is
exceptionally large in globular specimens from the
Finlay Mountains (Fredrickburgian) of west Texas
(USGS 1909, see fig. 6i). Stanton (1947, p. 110)
mentioned that a large suite of specimens collected
near Sierra Blanca, also in west Texas, showed a
typically larger size and lesser convexity of whorls,
and he suggested that they might deserve subspecific
distinction. Reexamination of these collections shows
a polymorphous assemblage of specimens, which, al-
though variable, show intergradation of character
that provides no justifiable basis for separation. The
range of variability of the material from the lower
and middle Albian of Texas encompass the form de-
scribed from the Albian of Dombe-Grande Angola by
Choffat (1888) as Actaeonella anchietar.

The maximum diameter of Peruviells gerthi
Olsson is proportionally smaller compared with its
total height than is P. dolium (compare figs. 5k, 6k)
and even in large shells the upper part is pointed
and has concave sides. In addition, the columellar
lip is higher within the whorls and not so much in-
clined (compare figs. 4d and ¢). The Late Cretaceous
species of Peruviella described by Djalilov (1972)
from the U.S.S.R. are all broadly umbilicate.

Types.—Holotype, University of Bonn, Germany.
Hypotypes, USNM 77559, 251307, 251308.

Occurrence—Texas.—The holotype is believed to
be from an unknown position within the Fredrick-
burg Group (middle Albian) near Fredericksburg.
Tex. Paluxy Sand, between Bertram and Hopewell,
Coryell County (UT 1029) : Walnut Clay, road cut
just west of Gatesvile, Coryell County; Cox Sand-
stone (and (or) Finlay Limesone) ; Eagle Mountain
(UT 8402, 8407, 8408; Finlay Mountains (USGS
1909, 1922) ; Quitman Canyon (USGS 1912, 1917);
Sierra Blanca (USGS 1809, 1812, 15974); Eagle
Flat area (USGS 3603) ; Bell County, locality and
stratigraphic position unknown (USNM 8306Db) ;
Lampasas County, locality and stratigraphic posi-
tion unknown (USNM 18802).
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Mezxico—Cox Formation, Sierra Pilares (UT
31437) and Benevides (UT 43538) State of
Chihuahua.

Angola.—Dombe-Grande.

Age.—Early to middle Albian in North American
and middle to late Albian of Angola.
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OSTRACODE BIOSTRATIGRAPHY OF PLIOCENE AND PLEISTOCENE
DEPOSITS OF THE CAPE FEAR ARCH REGION,
NORTH AND SOUTH CAROLINA

By Trnomas M. CronNIN and JosEpH E. HazEL

ABSTRACT

Species-range and concurrent-range-zones of ostracode
species from the Duplin, “Bear Bluff,” Waccamaw, and
“Canepatch” Formations (Pliocene and Pleistocene) were
determined from numerous samples from the Cape Fear
Arch region, North and South Carolina. On the basis of
occurrence data, chronozones of the Orionina vaughani and
Puriana mesacostalis Assemblage-Zones established for the
Virginia and northern North Carolina region can be recog-
nized in the Cape Fear Arch region and as far south as
the Santee River, S.C. Deposits mapped as the Duplin For-
mation (Pliocene) represent the chronozone for the Orionina
vaughani Assemblage-Zone and are in part equivalent to the
Yorktown Formation. Deposits of the Bear Bluff (upper
Pliocene) and the Waccamaw (Pleistocene) Formations cor-
respond respectively to the lower and upper parts of the
Puriana mesacostalis Assemblage-Zone and are time equiva-
lents of the lower and upper beds in the Croatan Forma-
tion. Middle Pleistocene deposits mapped as the Canepatch
Formation yielded distinctive assemblages containing high
percentages of extant species.

INTRODUCTION

Recently, Hazel (1971a, 1977, 1980) proposed
quantitatively defined ostracode assemblage-zones
and determined biostratigraphically diagnostic spe-
cies-range and concurrent-range-zones for Pliocene
and lower Pleistocene deposits of Virginia and
northern North Carolina. From previously published
data and analysis of new ostracode samples, Hazel
(1977) presented a correlation scheme for the Plio-
cene and lower Pleistocene deposits of the central
and southern Atlantic Coastal Plain and Florida. In
connection with several U.S. Geological Survey
projects, many Pliocene and Pleistocene samples
have been obtained from the Cape Fear Arch region
of North and South Carolina. Calcareous microfos-
sils from these samples, particularly ostracodes, are
presently being studied for their biostratigraphic,

paleoecoclogic, and systematic value. This paper pre-
sents preliminary biostratigraphic results of this
study. Figure 1 shows the region of study, which ex-
tends from the South River, N.C., south to the Santee
River, S.C.

The stratigraphic distribution of ostracoede species
in deposits mapped as Duplin, “Bear Bluff,” Wac-
camaw, and ‘“Canepatch” Formations has been de-
termined. The “Bear Bluff” and “Canepatch” are
terms introduced by DuBar (1971) and DuBar and
others (1974). They are used informally in this
paper. Many ostracode species from these deposits
were found by Hazel (1971a, 1977) to be useful
biostratigraphic indicators in Pliocene and lower
Pleistocene deposits of Virginia and northern North
Carolina. Some of the chronozones of the ostracode
assemblage-zones proposed by Hazel (1971a) can be
recognized in the Cape Fear Arch region by the
presence of species having limited stratigraphic
ranges and by the concurrent-range-zones of several
pairs of species. Thus, the biostratigraphic equiva-
lents of the ostracode zones established for regions
to the north can, at least in part, be recognized
south to about the Santee River, S.C. Moreover,
other species, rare to absent in deposits north of
Cape Hatteras (north of area shown on fig. 1), were
found to have relatively short local stratigraphic
ranges in the study area; hence, they are useful for
correlation of lithostratigraphic units within the
Cape Fear Arch region.
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FIGURE 1.—Generalized geologic map of Pliocene and Pleistocene formations in the study area, the Cape Fear Arch region of
North Carolina and northeastern South Carolina, showing major scarps and barriers. (Adapted from DuBar and others,

1974).

LITHOSTRATIGRAPHIC UNITS

The term “Duplin Beds” was proposed by Dall
(1898, p. 338) for “late Miocene” shelly marls in
Duplin County, N.C. In 1908, Dall listed molluscan
species from Natural Well, Magnolia, N.C., a locality
that has since been regarded as the Duplin type lo-
cality (see DuBar and others, 1974). B. L. Miller
(Clark and others, 1912) was first to use the term
“Duplin Formation” for these deposits. In the Cape
Fear Arch area, the Duplin Formation rests on Cre-
taceous to Paleocene strata and is exposed at the
surface between the Orangeburg and Mechanicsville

Scarps (fig. 1). Consisting of calcareous silt and
sand, the Duplin Formation extends from the study
area north to the Neuse River and south into
Georgia. Whereas earlier workers assigned the Dup-
lin a late Miocene age, recent work has shown that
the Duplin is in fact Pliocene (Akers, 1972; Akers
and Koeppel, 1974; Hazel, 1977, 1980).

Previous studies of Duplin ostracodes include
those by Edwards (1944), Brown (1958), and Swain
(1952) for North Carolina; Pooser (1965) for
South Carolina; and Howard (1974) for the Cape
Fear Arch region. Material for the present study
comes from the type locality of the Duplin at Natural
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Well, Magnolia, N.C. (loc. 16) ; four samples come
from outerops on the Lumber River near Lumberton,
N.C. (loc. 15); and six samples come from the
Robeson family farm, Robeson County, N.C. (loc.
14). Locality data for the studied samples are given
in the Collection Localities section at the end of this
report.

DuBar (1971) named the Bear Bluff Formation
for a sequence of calcareous sandstone and sandy
limestone cropping out along the Waccamaw River
in Horry County, S.C. The Bear Bluff has been
traced in the subsurface from southeastern North
Carolina to the Santee River and from the coast in-
land to the Surry Scarp. DuBar and others (1974)
assigned the Bear Bluff Formation a late Pliocene
or early Pleistocene age, and Hazel (1977) consid-
ered it late Pliocene.

Except for the few data used by Hazel (1977),
ostracodes from the Bear Bluff Formation have not
been described or listed in detail. Howard (1974)
stated that the lower parts of deposits from North
Carolina, which he called the Waccamaw Formation,
may actually be the Bear Bluff Formation of DuBar
(1971), but Howard could not distinguish the two
formations.

Ostracode material from the Bear Bluff for the
present study came from the William Bird Ashley
mine (loc. 17) near Conway, S.C., the Intracoastal
Waterway, Horry County, S.C. (locs. 2 and 5), and
the open pit mine at Calabash, N.C. (loc. 12). An
additional sample from a Horry County drill hole
(loc. 18) was obtained from J. R. DuBar.

Fossiliferous clayey and silty quartzose sands ex-
posed along the Waccamaw River, Horry County,
S.C., were named the “Waccamaw Beds” by Dall
(1892). Deposits of the Waccamaw Formation are
present east of the Surry Scarp and from the Cape
Fear River south as far as Charleston, S.C. Strat-
igraphically, the Waccamaw Formation is above the
Bear Bluff and below the Canepatch Formations. Re-
cent stratigraphic and faunal evidence suggests that
the Waccamaw Formation is early Pleistocene in
age (Hazel, 1977; DuBar and others, 1974).

Previous studies of Waccamaw ostracodes include
those by Swain (1968) and Howard (1974). Abun-
dant material used in the present study was col-
lected from outerops of the Waccamaw at the fol-
lowing localities: the Intracoastal Waterway, Horry
County, S.C. (locs. 3 and 5) ; Calabash, N.C. (loc.
12) ; Walker’s Bluff (loc. 7), Greenback Landing
(loc. 10), and Niels Eddy Landing (loc. 9) on the
Cape Fear River, N.C.; Old Dock, N.C. (loc. 6) ; the
Town Creek Pierce Brothers Pit, Brunswick County,
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N.C. (loc. 8); the pit west of Acme, Columbus
County, N.C. (loc. 11) ; and the type Waccamaw lo-
cality (loc. 1) near Tilly Lake on the Waccamaw
River, S.C.

The term “Canepatch Formation” has been used
by DuBar (1971) and DuBar and others (1974) for
lithologically variable deposits exposed along the
Intracoastal Waterway, Horry County, 10.4 km
northeast of Myrtle Beach, S.C. Forming the sur-
face of the Jaluco-Cainhoy and Conway Barriers, the
Canepatch Formation unconformably overlies the
Waccamaw, Bear Bluff, and Duplin Formations and
other older deposits. It consists of a complex of sand,
clay, silt, and peat deposited in barrier, estuarine,
lagoonal, and shelf environments. DuBar and others
(1974) assigned a middle to late Pleistocene age to
the Canepatch Formation. Material for the present
study comes from exposures of the Canepatch For-
mation on the Intracoastal Waterway, Horry County
(locs. 2, 8, 4, and 5). No data on Canepatch ostra-
codes have been published previously.

PHYSIOGRAPHIC UNITS

The Duplin, Bear Bluff, Waccamaw, and Cane-
patch Formations were deposited during submer-
gent periods of submergent/emergent cycles related
to glacial eustatic adjustments, possibly compli-
cated by tectonic movements (see below). However,
any discussion of Atlantic Coastal Plain deposits
must include consideration of the physiographic
units that owe their formation to these submergent
episodes. These features include many prominent
shoreline scarps and terrace-formations for which a
complex nomenclature has evolved (Cooke, 1931,
1982). The traditional approach to correlation of
these deposits was to associate a shoreline scarp
with a stand of sea level, a physiographic surface,
and a lithostratigraphic unit. Thus, for example, the
Duplin sea shoreline would correspond to the
Orangeburg Scarp, and sediments that make up the
Duplin Formation were deposited between the
Orangeburg Scarp and the topographically lower
Mechanicsville Scarp. Early workers, most notably
Cooke (1936, 1948), correlated these units solely on
the basis of their altitude. This approach, however,
has serious drawbacks. It assumes that once a shore-
line scarp has been formed, sea level never reaches
that position again. Recent evidence indicates that
Pliocene and DPleistocene inundations may have
reached the Mechanicsville and Surry Scarps (fig.
1) more than once (DuBar and others, 1974). Con-
sequently shoreline-scarp and terrace formation
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seems to result from a more complex geological his-
tory than previously believed. More importantly,
the technique of correlation on the basis only of
altitude hinges on the assumption that the Atlantic
Coast has been tectonically stable during the Plio-
cene and Pleistocene, an assumption that appears to
be unwarranted in light of recent evidence. Bloom
(1967) was one of the first to warn against correla-
tion of terraces simply by their altitude. Recently,
Winker and Howard (1977), using topographic
maps as data, suggested that relict shorelines are
neither horizontal nor parallel to each other. Thus,
correlation by altitude is unreliable, and alternative
means of correlation must be sought for a better
understanding of the relationships between the
physiographic and lithostratigraphic units and the
history of submergence and tectonic warping. In
light of this need, the present study attempts to en-
hance our biostratigraphic correlation techniques for
the Cape Fear Arch region.

BIOSTRATIGRAPHY

Biostratigraphically diagnostic ostracode taxa for
the Cape Fear Arch region are listed alphabetically
in table 1. Figure 2 schematically illustrates the
stratigraphic distribution of 50 selected ostracode
taxa in the Cape Fear Arch region. Species ranges
are plotted against a composite lithostratigraphic
section for the region; hence, range endpoints ap-
pear to coincide exactly with formational boundaries.
Species that are common to both the Virginia and
‘northern North Carolina region and the Cape Fear
Arch region and whose range endpoints and con-
current-range-zones are useful in recognizing the
chronozones of ostracode assemblage-zones are indi-
cated in figure 2. For the few taxa having different
stratigraphic ranges in each of the two regions, a
solid line shows the distribution in deposits in the
Cape Fear Arch region, and a dashed line shows the
distribution for Virginia and northern North Caro-
lina, plotted against the assemblage-zonation for
that region. Figures 4-9 (see the back of this re-
port) illustrate the 50 taxa.

CHRONOZONES OF OSTRACODE ASSEMBLAGE-ZONES

Hazel (1977) suggested that Pliocene and Pleisto-
cene deposits north of the Neuse River, N.C., might
be correlated with those in the Cape Fear Arch re-
gion by using range-zones and concurrent-range-
zones of species common to both regions. Indeed, the
results of the present study indicate that two of the
chronozones of ostracode assemblage-zones of Hazel

TABLE 1.—Alphabetical listing of species used in this study

Species Sppede B
Actinocythereis captionis Hazel 38 6g
A. captionis Hazel (large form) 4 6h
Bensonocythere aff. B. bradyi Hazel 1 6a
B. gouldensis Hazel 14 5a
B. ricespittensis Hazel 43 5b
B. rugosa Hazel 16 5¢
B. whitei (Swain) s.s. 29 5¢9
B. whitei (Swain) (straight form) 50 5h
B. sp. A 35 5d
B.sp. B 3 6b
B. sp. C 2 Se
B.sp. D 49 5f
Caudites paraasymmetricus Hazel 42 8¢
Echinocythereis leecreekensis Hazel 32 9f
Hermanites ascitus Hazel 7 6f
Hulingsina sp. N 48 85
Loxoconcha edentonensis Swain 19 9d
L. matagordensis (Swain) 40 9¢
L. sp. A 6 9b
L.sp. B 5 9a
Malzella conradi (Howe and 8 4h

MecGuirt)
M. evexa Hazel 15 4¢g
M. floridana (Benson and Coleman) 46 4f
Microcytherura choctawhatcheensis 20 7e
(Puri)
M. expanda Hazel 31 7f
M. minuta Hazel 11 79
M. similis (Malkin) 17 7d
M. sp. B 36 7b
M. sp. C 22 Ta
M. sp. D 44 Te
Muellerina bassiounii Hazel 27 Ge
M. wardi Hazel 12 6¢
M. sp. B 33 6d
Neocaudites triplistriatus 25 8g
(Edwards) s.l.
N. variabilis Hazel 23 8h
Orionina vaughani (Ulrich and 21 8e
Bassler)
Palaciosa minuta (Edwards) 41 9h
Paracytheridea altila Edwards 24 8f
P.sp. A 45 8¢
P. edwardsi Hazel 26 8d
P. mucra Edwards 9 8a
P. rugosa Edwards 30 8b
Paracytheroma stephensoni (Puri) 39 Th
Perissocytheridea sp. B 34 9g
P.sp. C 10 9e
Puriana carolinensis Hazel 13 4b
P, convoluta Teeter 37 4d
P. mesacostalis (Edwards) 28 de
P.sp. A 47 4a
Radimella confragosa (Edwards) 18 4e

(1971a, 1977) can be recognized south of Cape Hat-
teras; thus, correlation between the two regions is
possible by using ostracodes. Additional sampling
and faunal study are still needed, however, to obtain
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FIGURE 2.—Range chart for 50 ostracode species whose range-zones and concurrent-range-zones are useful in recogniz-
ing the chronozones of ostracode assemblage-zones in the Cape Fear Arch area. Solid lines indicate the ranges of
species in the Cape Fear Arch area. Dashed lines indicate ranges of species in northern North Carolina and southern
Virginia for species whose ranges are different in the two areas. The species are listed alphabetically in table 1 and
are illustrated in figures 4-9.
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more data on the geographic and stratigraphic dis-
tribution of ostracodes and to establish a more re-
fined correlation of Atlantic Coastal Plain Neogene
deposits.

The deposits considered in the present study span
the interval from about 4.0 m.y. to 0.5 m.y. (million
years) ago, a period encompassing the chronozone
of the Orionina vaughant and Puriana mesacostalis
Assemblage-Zones and younger deposits for which
no ostracode zonation has been established (the
Canepatch Formation). The presence of Paracy-
theridea edwardsi in coastal-plain deposits is indica-
tive of this 3.5-m.y. interval.

The chronozone of the combined Orionina vaug-
hani—Puriana mesacostalis Assemblage-Zones is
suggested by the following species: Bensonocythere
rugosa, Microcytherura minuta, M. similis, Radi-
mella confragosa, Paracytheridea muecra, and Loxo-
concha edentonensis. Microcytherura minuta and
Paracytheridea mucra, however, are not known from
the upper part of the Puriana mesacostalis Assem-
blage-Zone, and, similarly, Microcytherura similis
is not known from the lower part of the Orionina
vaughani Assemblage-Zone. Other species such as
Malzella evexa, Bensonocythere gouldensis, Puriana
carolinensis, and Muellerina wardi characterize this
interval as well, but they are also known from the
older Pterygocythereis inexpectata Assemblage-Zone
in Virginia and northern North Carolina.

A reliable indicator of the chronozone of the Orio-
nina vaughani Assemblage-Zone appears to be the
concurrent-range-zone of Loxoconcha sp. A and
Paracytheridea mucra, Microcytherura minuta, and
Bensonocythere rugosa.

The chronozone of the Puriana mesacostalis As-
semblage-Zone was recognized by the range-zones of
Microcytherura expanda, Puriana mesacostalis, and
Muellerina bassiounii. However, Puriana mesa-
costalis, along with Palaciosa minuta and Paracy-
theridea rugosa, has been reported by Edwards
(1944) from deposits assigned to the upper part of
the Duplin Formation near Lumberton, N.C. Thus,
they may have first appeared during the chronozone
of the upper part of the Orionina vaughani Assem-
blage-Zone, or perhaps Puriana mesacostalis Assem-
blage-Zone deposits are present in this topographi-
cally high area. Additional sampling is necessary to
clarify this problem. The concurrent-range-zones of
several pairs of species also permit the recognition
of the chronozone of the Puriana mesacostalis As-
semblage-Zone (fig. 2).

In the Cape Fear Arch region, the chronozone for
the lower part of the Puriana mesacostalis Assem-
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blage-Zone is indicated by the concurrent-range-
zones of Bensonocythere whitei, Puriana mesaco-
stalis, Paracytheridea mucra, Muellerina bassiouni,
Hermanites ascitus, Malzella conradi, and Microcy-
therura minuta.

The period encompassing the upper part of the
Puriana mesacostalis Assemblage-Zone is character-
ized along the Atlantic Coastal Plain from northern
North Carolina to Florida by the distinctive species
Caudites paraasymmetricus.

Hazel (1971a, 1977) did not consider middle or
upper Pleistocene deposits of Virginia or North
Carolina, and no ostracode zonation exists for this
interval. Nevertheless, the ostracode assemblage of
the Canepatch Formation is distinguished by the
presence of Malzella floridana, Puriana sp. A, Ben-
sonocythere sp. D, Hulingsina sp. N, and a distine-
tive form of Bensonocythere whitei.

LOCAL RANGE-ZONES

Today the Cape Hatteras region is a major zoo-
geographic boundary where many cryophilic and
thermophilic species cease their equatorward and
poleward expansion, respectively. Similarly, Plio-
cene and Pleistocene faunas from north and south of
Cape Hatteras are distinct from one another, ap-
parently because of paleooceanographic differences
such as bottom-water temperature. Many cryophilic
species, congeners of Cytheridea and Thaerocythere
for example, are Dbiostratigraphically diagnostic
north of Cape Hatteras (Hazel, 1977) but are ab-
sent in the Cape Fear Arch region. Conversely,
several species from the Cape Fear Arch region are
absent from correlative deposits to the north, yet
they are useful locally for correlation of lithostrati-
graphic units. These taxa, many of which are un-
described species, are indicated in figure 2.

Deposits of the Duplin Formation yielded several
species that suggest a Yorktown age; these include
Bensonocythere aff. B. bradyi, Bensonocythere sp.
C, Bensonocythere sp. B, and a large form, Actino-
cythereis captionis. The cold-water species Loxo-
concha sp. B characterizes this interval south of
Cape Hatteras but is common in lower Pliocene to
Holocene deposits to the north.

The chronozone of the Puriana mesacostalis As-
semblage-Zone can be recognized locally by the pres-
ence of Muellerina sp. B, Perissocytheridea sp. B,
Bensonocythere sp. A, and Microcytherura sp. B.
Characteristic of the chronozone of the upper part
of this assemblage-zone are Microcytherura sp. D
and Bensonocythere ricespittensis. This latter spe-
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cies ranges into the Orionina vaughani Assemblage-
Zone north of Cape Hatteras.

The presence of Paracytheroma stephensoni and
Loxoconcha matagordensis signifies the chronozone
of the combined Puriana mesacostalis Assemblage-
Zone and the unnamed zone representing the Cane-
patch Formation.

A middle Pleistocene (Canepatch) age is indicated
in the Cape Fear Arch region by the first appearance
of the following species: Malzella floridana, Puriana
sp. A, Hulingsina sp. N, and Bensonocythere sp. D.
All these taxa except Bensonocythere sp. D are liv-
ing on the shelf today.

The above discussion indicates the significance of
paleoclimatic and paleooceanographic conditions on
the geographic and stratigraphic distributions of
ostracodes. Just as modern geographic ranges for
ostracodes are often limited by bottom-water tem-
peratures, so too, were there distinet zoogeographical
faunal provinces during the Pliocene and Pleistocene.
Moreover, the Pliocene and Pleistocene geographic
distribution of extant species of the North Atlantic
was quite different from that of today because of
significant oceanographic changes. Studies of ostra-
codes from the late Pleistocene of the St. Lawrence
lowlands (Cronin, 1977), the Norfolk Formation
(Pleistocene) of Virginia (Valentine, 1971), and the
Yorktown and Croatan Formations (Pliocene and
Pleistocene) of Virginia and North Carolina (Hazel,
1971b) have documented the distribution of many
species during various periods in the Pliocene and
Pleistocene and have permitted valuable paleocli-
matic inferences to be made. Thus, any attempt to
use ostracodes for regional correlation of Atlantic
Coastal Plain deposits must necessarily include con-
sideration of climatic effects on the distribution,
both temporal and geographic, of particular species.

REGIONAL CORRELATION

On the basis of (1) the data presented above, (2)
examination of material from deposits from the
Chowan River assigned to the “Yorktown” by Hazel
(1977), and (3) previously published data of Hazel
(1971a, 1977, 1980), Edwards (1944), and others,
a tentative correlation scheme for the Pliocene and
Pleistocene of the central Atlantic Coastal Plain was
developed. This chart (fig. 8) is a modification of
figure 2 of Hazel (1977).

The Duplin Formation is in part Yorktown in age
and can be correlated with the Orionina vaughant
Assemblage-Zone. However, the upper part of the
Duplin Formation has yielded several species char-
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acteristic of the Puriana mesacostalis Assemblage-
Zone in Virginia and northern North Carolina (Ed-
wards, 1944) ; hence, the precise placement of the
upper part of the Duplin Formation is as yet
uncertain.

Deposits at the Lee Creek mine, North Carolina,
were assigned to the Yorktown and Croatan Forma-
tions by Hazel (1980). Whereas the Duplin Forma-
tion is in part equivalent to the Yorktown Forma-
tion, the Bear Bluff Formation of DuBar and others
(1974) appears to be correlative with the lower part
of the Croatan, and the Waccamaw Formation is
equivalent to the upper part of the Croatan. Deposits
on the Chowan River assigned to the “Yorktown”
Formation (Hazel, 1971a, 1977) appear to be time-
equivalents of the Bear Bluff Formation of DuBar
and others (1974) and of at least the lower part of
the Croatan, on the basis of the presence of species
indicating the chronozone of the lower part of Puri-
ana mesacostalis Assemblage-Zone. Deposits at Yad-
kin, Va., also referred to as ‘“Yorktown” (Hazel,
1977), may also be correlative with deposits of this
late Pliocene interval.

The ostracode assemblage of the Canepatch For-
mation shows a distinctly modern character because
several extant taxa appear for the first time in these
deposits. Although no formal regional biostrati-
graphic zonation exists for middle and upper Pleis-
tocene deposits, and, although many ostracode spe-
cies have not yet been formally described, the pres-
ent study indicates that ostracodes have great po-
tential for local biostratigraphic correlation within
the Pleistocene.

CONCLUSIONS

Detailed examination of ostracode assemblages
from the Duplin, Bear Bluff, Waccamaw, and Cane-
patch Formations from the Cape Fear Arch region
permit the following conclusions:

1. Ostracodes are useful biostratigraphic indicators
in this region, as many species have well-de-
fined, relatively short stratigraphic ranges and
can be used for correlation of lithostrati-
graphic units.

2. The ostracode zonation of Hazel (1971a, 1977)
can in part be extended south to the Santee
River, S.C. The chronozones of the Orionina
vaughani and the Puriana mesacostalis As-
semblage-Zones can be recognized in the Cape
Fear Arch region by the presence of diagnostic
species.
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FIGURE 3.—Tentative correlation chart for the Pliocene and Pleistocene deposits of southern Virginia,
North Carolina, and northeastern South Carolina. Ostracode assemblage-zones are those used by
Hazel (1971, 1977).
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3. Some ostracode taxa that are rare to absent in
Pliocene and Pleistocene deposits north of
Cape Hatteras are locally useful as biostrati-
graphic indicators in the Cape Fear Arch
region.

COLLECTION LOCALITIES

Locality 1.—Bank of Waccamaw River, 9.7 km east
of intersection of South Caro-
lina Routes 90 and 544 at Con-
way, S.C.; left off route 90 at
Richardson’s family house, 0.5
km to river. Section is 225 m
downstream from Richardson’s
house, near Tilly Lake. Type lo-
cality of Waccamaw Formation
exposes 3 m of shelly sands from
which four samples (55-58)
were obtained.

Locality 2.—OQOutcrop on Intracoastal Waterway,
Wampee 7.5-minute quadrangle,
Horry County, S.C.; 6.7 km up-
stream from South Carolina
Route 9 bridge over waterway.
Sample 59 from Tagelus bed of
Canepatch Formation, 3.3 m
above peat bed. Sample 60, 0.6 m
above sample 59, also Canepatch
Formation. Samples 61 and 62
from crossbedded coquina of
Bear Bluff Formation.

Locality 8.—Northwest corner of Wampee 7.5-
minute quadrangle, outcrops on
Intracoastal Waterway at north-
east end of Windy Hill Airstrip,
Horry County, S.C., 0.3 km down-
stream from locality 2. (See Du-
Bar, 1971, locality WAb56, page
21, for detailed lithostratig-
raphy.) Three samples (64-66)
from the Waccamaw Formation
and one sample (63) from the
Canepatch Formation.

Locality 4.—Outcrops on Intracoastal Waterway
at type locality of Canepatch
Formation, Nixonville quad-
rangle, Horry County, S.C. (See
DuBar, 1971, for details.) One
sample (68) from Mercenaria-
Bryozoan facies.

Locality 5.—Right bank of Intracoastal Water-
way, 5.5 km upstream from

west edge of Wampee 7.5-minute
quadrangle, behind Myrtle Beach
Shrine Club, Horry County, S.C.
(Our locality 5 is loc. WA19 of
DuBar, 1971.) Sample 70 from
Canepatch Formation bed 5 of
DuBar, 1971; samples 71 and 72
from beds 4 and 2 of DuBar,
1971, both from Waccamaw
Formation.

Locality 6.—Pit on right side of North Carolina

Route 130, 3.8 km north of the
center of 0Old Dock, Columbus
County, N.C. Four samples (73~
76 in ascending order) from
about 2 m of Waccamaw Forma-
tion.

Locality 7.—Walker’s Bluff on west bank of Cape

Fear River, 2.4 km northeast of
North Carolina Route 87, about
12.5 km northeast of Lisbon,
Bladen County, N.C. Sample 79
from lower 30 cm of Waccamaw
Formation just above contact
with Cretaceous; sample 80 from
1.3 m above sample 79.

Locality 8.—Pierce Brothers pit, about 14.5 km

southeast of Town Creek, Bruns-
wick County, N.C. Pit is 6.4 km
east of Mill Creek, about 1.6 km
north of road that intersects
North Carolina Route 87 at Mill
Creek. Samples 84-82 (in as-
cending order) from 1 m of
Waccamaw Formation; samples
85 and 86 from spoil piles of
material, stratigraphically below
sample 84.

Locality 9.—Cape Fear River, 400 m downstream

from Niels Eddy Landing and
about 9.5 km northeast of Acme,
Columbus County, N.C. sample
88 from oyster bed near top,
sample 87 from 0.3 m below top;
sample 89 from 0.5 m below sam-
ple 87. All samples from Wacca-
maw Formation.

Locality 10.—Greenbank Landing on south bank

of Cape Fear River, 125 km
northeast of Acme, Brunswick
County, N.C., 0.8 km upstream
from confluence of Cape Fear
River with Bryant Mile Creek.
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Three samples (90-92) in as-
cending order) from 1 m of
shelly sand of Waccamaw For-
mation.

Locality 11..—West part of pit, 1.6 km west of
Acme, Columbus County, N.C.,
2.5 m of Waccamaw Formation
exposed. Samples 97-95 (in as-
cending order) from lowermost
meter; samples 93-94 (ascend-
ing order) from upper meter of
blue-gray sand.

Locality 12.—Pit just east of Calabash, Brunswick
County, N.C. Five samples (132-
136) were taken. Two samples
(132, 133) from the Bear Bluff
Formation of DuBar (1971) and
three samples (134-136) from
the overlying Waccamaw Forma-
tion.

Locality 18.—Auger-drill-hole sample of Bear
Bluff Formation, Hole H275 of
DuBar (1971) from about 3.2
km south of Lake Swamp, Bay-
boro 7.5-minute quadrangle,
Horry County, S.C. One sample
(H 275).

Locality 14.—Robeson family farm, 6.2 km south-
eastt of intersection of Center
Road and North Carolina Route
87 at Tar Heel, Bladen County,
N.C. About 2 m of Duplin For-
mation is exposed. Four samples
(45-42 in ascending order) were
examined from this section. Two
additional samples, stratigraphi-
cally above the others, were ex-
amined, one sample (46) from
50 m west of the section and
the other (47) from 100 m west
of section.

Locality 15.—Left bank of Lumber River, 2.4 km
south of intersection of North
Carolina Routes 211 and 74,
14.0 km southeast of Lumberton,
Robeson County, N.C. Three
samples (50-48 in ascending
order) were taken from 1.8 m of
Duplin Formation gray shelly
sands, and one sample (51), from
4 m above water level.

Locality 16.—Matthews family farm, 2.6 km south-
west of Magnolia, N.C,, and 2.9
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km southwest of intersection of
North Carolina Route 117 in
Magnolia and road to Delway
(Bladen County, Route 1003).
Exposure in Natural Well 500 m
behind house. One sample (41)
was from a fossiliferous bed of
the Duplin just above contact
with Eocene.

Locality 17.—South face of the William Bird
Ashley mine across South Caro-
lina Route 378 from the Old
Smokehouse about 5 km west of
Conway, S.C., along Route 378.
One sample was from the Bear
Bluff Formation of DuBar
(1971).
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FIGURE 4.—Puriana, Radimella, and Malzella.

@, Puriana sp. A, female left valve, Canepatch Formation, sample 68, x 153, USNM 251996. b, Puriana carolinensis
Hazel, male left valve, Duplin Formation, sample 48, x 157.5, USNM 251997. ¢, Puriana mesacostalis (Edwards), fe-
male left valve, Waccamaw Formation, sample 91, x 120.5, USNM 251998. d, Puriana convoluta Teeter, female left
valve, Waccamaw Formation, sample 87, x 126, USNM 251999. ¢, Radimella confragosa (Edwards), female left valve,
Waccamaw Formation, sample 75, x 126, USNM 252000. f. Malzella floridana (Benson and Coleman), female carapace,
Canepatch Formation, sample 68, x 139.5, USNM 252001. g. Malzella evexa Hazel, female left valve, Waccamaw For-
mation, sample 91, x 108, USNM 252002. h. Malzella conradi (Howe and McGuirt), female left valve, Duplin Forma-
tion, sample 43, x 144, USNM 252003.







































Miocene Mollusks of the Topsy Formation,
Lituya District, Gulf of Alaska
Tertiary Province, Alaska

By LOUIE MARINCOVICH, JR.

SHORTER CONTRIBUTIONS TO PALEONTOLOGY, 1979

GEOLOGICAL SURVEY PROFESSIONAL PAPER 1125-C







FIGURE

TABLE 1.

1.

2.

Fossils of the Topsy Formation

Abstract
Introduction
Acknowledgments _______________________________
Faunal composition
Age and correlation
Paleoecology
Water depth _________ ______ ______ _________.__
Water temperature ______________________________
Systematic paleontology
Fossil locality descriptions
References cited

CONTENTS

ILLUSTRATIONS

the Lituya District, Gulf of Alaska Tertiary Province

3. Periploma (Aelga) besshoense (Yokoyama).
4-6. Macoma albaria (Conrad).
7-9. Macoma aff. M. twinensis Clark.

10. Macoma incongrua (von Martens).

11. Spisula addicotti Kanno.

12. Nuculana (Saccella) sp.

13-14. Macoma aff. M. albaria (Conrad).
15-16. Lucinoma acutilineata (Conrad).

17. Thyasira cf. T. disjuncta (Gabb).
18-19. Acila (Truncacila) taliaferroi Clark.
20-21. Fusitriton oregonensis (Redfield).
22-23. Calliostoma sp.

24. ?Colus sp.

_______________________________________________________

-

Distribution of the Topsy Formation and other Cenozoic marine sedimentary and volcanic rocks in

Known stratigraphic ranges in Pacific Northwest and Gulf of Alaska Tertiary Provinces of selected
Topsy Formation mollusks _________________________
3-30. Photographs of fossil mullusks

25. Natica (Cryptonatica) claousa Broderip and Sowerby.

26. Natica (Cryptonatica) oregonensis (Conrad).
27. 7?Neptunea (Neptunea) plafkeri Kanno.

28-30. Neptunea (Sulcosipho) cf. N. (S.) tabulata (Baird).

TABLE

I

Page

C2






SHORTER CONTRIBUTIONS TO PALEONTOLOGY, 1979

MIOCENE MOLLUSKS OF THE TOPSY FORMATION, LITUYA DISTRICT,
GULF OF ALASKA TERTIARY PROVINCE, ALASKA

By LouiE MARINCOVICH, JR.

ABSTRACT

The Topsy Formation in the Lituya district of the Gulf
of Alaska Tertiary Province contains a mollusecan fauna of
Newportian age (late early Miocene to early middle Mio-
cene) that correlates with similar faunas in the Pacific
Northwest and in the lower part of the Yakataga Formation
at Cape Yakataga, in the nearby Yakataga district. Topsy
mollusks with living representatives or homologues suggest
deposition in cool-temperature water at inner sublittoral
depths of about 20 to 50 m.

INTRODUCTION

Sedimentary rocks of the Topsy Formation occur
in the southeastern part of the Gulf of Alaska
Tertiary Province (fig. 1), an area which extends
about 600 km along the arcuate coast of the eastern
Gulf of Alaska from the Katalla district in the west
to the Lituya district in the east (Plafker, 1967). In
this province, the Poul Creek and Yakataga Forma-
tions are the principal marine sedimentary units and
together consist of upper Eocene to Holocene de-
posits with an aggregate thickness of about 6,100
to 7,600 m (Plafker, 1971). The Yakataga Forma-
tion alone consists of about 5,000 m of lower Mio-
cene to Holocene marine deposits that preserve a
continuous record of localized glacial conditions in
this area of the North Pacific (Plafker and Addi-
cott, 1976). The Lituya district (fig. 1), centered
on Lituya Bay, contains the southeasternmost out-
crops of Tertiary marine sedimentary rocks in the
Gulf of Alaska region and is the only area in which
the Topsy Formation occurs.

The Topsy Formation consists of marine siltstone
and sandstone that crop out between Lituya Bay
and Icy Point (fig. 1) and that extensively underlie
foothills of the Fairweather Range for about 40 km
adjacent to the Gulf of Alaska shoreline. Outcrops
are generally small and isolated owing to cover by

dense vegetation and glaciers. Persistent rain and
fog in summer also limit access to Topsy exposures.
Because discontinuous outcrops and structurally
complex geology in this area preclude reliable litho-
logic correlations with other formations in this
region and because no well-preserved, age-diagnostic
fossils have been reported before from these strata,
the age and depositional environment of the Topsy
have been subjects for speculation. Molluscan fossils
collected in 1975 now shed light on the age and dep-
ositional environment of the Topsy and suggest
correlations with sedimentary rocks elsewhere in
the Gulf of Alaska Tertiary Province and in the
Pacific Northwest (Oregon and Washington). Ben-
thic foraminifers (Rau and others, 1977) or other
microfossils have not been found in Topsy strata.
The outerop extent of the Topsy Formation shown
in figure 1 is modified from that previously pub-
lished (Plafker, 1967). Strata adjacent to the coast-
line immediately north of Icy Point, which were
formerly assigned to the Yakataga Fermation, are
now included in the Topsy Formation, on the basis of
1975 fieldwork done by George Plafker and Travis
Hudson. The Topsy does not occur on Cenotaph
Island in Lituya Bay (fig. 1), so sand dollar echi-
noids reported from the Topsy by Wagner (1974)
should be attributed to the Yakataga Formation.
Sedimentary rocks now included in the Topsy For-
mation were first discriminated from those of the
Yakataga Formation by Miller (1953, 1961), who
considered them to be, in part, stratigraphically
equivalent to volcanic rocks on Cenotaph Island and
on the southern margin of Lituya Bay (fig. 1).
Sparse and poorly preserved invertebrates in these
rocks indicated a Tertiary age, and Miller (1961)
thought that they were likely of Miocene age be-
cause of their conformable relation with overlying
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FiGURE 1.—Distribution of the Topsy Formation and other Cenozoic marine sedimentary and volcanic rocks in the Lituya
district, Gulf of Alaska Tertiary Province (inset). Geology modified from Miller (1961) and Plafker (1967).

beds thought to contain late Miocene fossils. A ten-
tative Miocene age was also assigned to these rocks
by MacNeil and others (1961). Plafker (1967)
named the Topsy Formation and Cenotaph Vol-
canics, noting that the Topsy consists of about 365
m of hard calcareous siltstone and sandstone that
intertongue with and, in part, conformably overlie
the Cenotaph Volcanics. Plafker (1967) did not
specify an age for the Topsy strata but assigned the
Cenotaph Volcanics an age of “post-early Oligo-
cene(?) to pre-middle Miocene,” thereby implying
an age of about late Oligocene to early Miocene or

younger for the Topsy. Later, Plafker (1971) con-
sidered most of the Topsy Formation to be Miocene,
possibly containing beds as old as middle Oligocene
and as young as middle Miocene. Notes on the mol-
luscan fauna by Marincovich (1976a, b), from which’
the present report is expanded, suggested an early
or middle Miocene age for the Topsy Formation.
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FAUNAL COMPOSITION

No well-preserved molluscan taxa have been re-
ported previously from the Topsy Formation. The
present collections, made in 1975, consist of 20 taxa,
consisting of 8 gastropods and 12 bivalves. Four
additional bivalves tentatively assigned generic or
specific names are too poorly preserved for confident
identification. The preponderance of bivalve taxa
and individuals over gastropods (table 1) is usual
for Gulf of Alaska Cenozoic faunas, including
modern ones. The Topsy genera are each repre-
sented by a single species except for Macoma, Nep-
tunea, and Natica.

Seven of the bivalve taxa are represented by artic-
ulated and closed specimens, suggesting little or no
post mortem transport of these faunal elements.
However, the known Topsy molluscan taxa probably
represent a small fraction of the original fauna. The
absence of fossils from most outcrops of the Topsy

TABLE 1.—Fossils of the Topsy Formation

[Number of specimens given for each entry; A, articulated bivalve; F, fragment]

Species Localities

“M65Z8  M6527 M6526 M6525
Gastropods
Calliostoma sp. 1 N _—- .
Turbinidae 1F _— - —
Natica (Cryptonatica) clausa Broderip and Sowerby --- 1 --- -—- ——-
Natica (Cryptonatica) oregomensis (Conrad) ---------- --- —— — 1
Fusitriton oregonensis (Redfield) --meme-vmmomnmememe 1 — - —
?Neptunea (Neptunea) plafkeri Kanno ---------cceccoce  -ee _— -— 1F
Neptunea (Sulcosipho) cf. N. (S.) tabulata (Baird) -- --- . - F
?Colus sp. 1F _— _— 1F
Bivalves
Acila (Truncacila) taliaferroi Clark =---e=e-ceeaeeae 1 - --=  1,8A
Acila (Truncacila) sp. -=--- - --—- 2,1A 7,3A
Nuculana (?Saccella) sp. 1 _— ——— _—
?Chlamys sp. 1F _— -—— ——
Lucinoma acutilineata (Conrad) ----=---m-eemceeeeeean 1 18A,3F  --- -
Thyasira cf. T. disjuncta (Gabb) -=eememoemmmecmameae o - —- 1F
Macoma albaria (€ONrad) -------cmeomemeeomoomeeeen oo . 1A
Macoma aff. M. albaria (Conrad) ----- 1 .. mmeee-
Macoma incongrua (von Martens) ------ 2 e emme-
Macoma cf. M. incomgrua (von Martens) - L
Macoma aff. M. twinensie Clark .-- —- —
Spisula addicotti Kanno ---- -— _— —
?Spisula sp. _— ——- _—
Periploma (Aelga) besshoense (Yokoyama) --=--------ue 1 - — —
?Periploma Sp. -—= 1A2F --- —— —
Mya sp. - ——— - 1F J—
Sand ddé1lar echinoid - F - - -
Fish vertebra 1F — —— ——-
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contrasts sharply with the known abundance of
faunas from coeval strata of the Yakataga Forma-
tion. This absence suggests either an original low-
diversity fauna or post mortem destruction of fos-
sils by wave and current action. The paucity of ob-
served fossils also could be an artifact of collecting,
considering the difficulties imposed by topography,
and weather in the Lituya district.

AGE AND CORRELATION

Some of the Topsy mollusks are known in Tertiary
strata of the Pacific Northwest. The overlapping
stratigraphic ranges of these species (fig. 2), as they
are known in the Pacific Northwest, place the Topsy
fauna within the Newportian Stage of Addicott
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FIGURE 2.—Known stratigraphic ranges in Pacific Northwest
and Gulf of Alaska Tertiary Provinces of selected Topsy
Formation mollusks. Occurrences in Alaskan formations
(Pouls Creek, Yakataga, and so-called Narrow Cape For-
mation) are based on literature reports and unpublished
studies of C. A. Ariey and R. C. Allison. Formations of
first and last occurrences as well as other relevant strati-
graphic occurrences are shown., Pacific Northwest mol-
luscan stages from Addicott (1976b), as modified by Allison
(1976). The Topsy Formation is inferred to be of New-
portian age.
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(1976b). When first proposed, the Newportian Stage
was assigned exclusively to the middle Miocene, en-
compassing the whole of that subseries (Addicott,
1976b). Subsequently, Allison (1976) reinterpreted
the stage boundaries by relying more heavily on
Berggren and Van Couvering’s (1974) planktonic
microfossil correlations with European Cenozoic
strata. He concluded that the Newportian Stage is
of late early Miocene and early middle Miocene age
(fig. 2). In terms of California benthic foraminiferal
stages, this interval includes the upper half of the
Saucesian Stage and the overlying Relizian and
Luisian Stages (Allison, 1976). Allison’s interpreta-
tion of the Newportian Stage is used here in assess-
ing the age of the Topsy molluscan fauna. However,
the work of relating Alaskan Cenozoic faunas to
biostratigraphic schemes proposed for other regions
is still in its early stages, and major changes in the
inferred age relations of Alaskan faunas may yet
oceur.

Ironically, because Cenozoic molluscan faunal
composition and biostratigraphy in the Gulf of
Alaska region are not yet well known, correlations
from the Topsy fauna to other Gulf of Alaska
faunas are more speculative than are those to Ter-
tiary faunas in the Pacific Northwest. However, the
basal part the Yakataga Formation at Cape Yaka-
taga (fig. 1) bears a molluscan fauna of Newportian
age (Kanno, 1971 ; Plafker and Addicott, 1976; Alli-
son, 1976; and Ariey 1978a, b) and thus is approxi-
mately coeval with the Topsy Formation. Both
Neptunea species in the Topsy, N. plafkeri (ques-
tionably identified) and N. ef. N. tabulata of Kanno
(1971), have previously been reported only in the
Yakataga Formation, at several localities (Nelson,
1974). Their earliest reported oeccurrences are in
the lower part of the Yakataga Formation at Cape
Yakataga (Clark, 1932; Kanno, 1971; Nelson, 1974),
although they evidently occur in the underlying Poul
Creek Formation at that location (Ariey, 1978a).
The earliest occurrence of Fusitriton oregonensis in
the northeast Pacific, or what may be a closely
allied or new species (Smith, 1970), is also at Cape
Yakataga. Smith (1970, p. 492) reported specimens
of “Fusitriton sp. ? aff. F. oregonensis” from either
the Poul Creek or Yakataga Formations. More re-
cent collecting of the Cape Yakataga section (Ariey,
1978a) showed F'. oregonensis missing in the upper
part of the Poul Creek Formation but present in the
stratigraphically highest Newportian fauna (early
middle Miocene) and in the immediately overlying
Wishkahan fauna (late middle Miocene to late Mio-
cene) of the basal Yakataga Formation (fig. 2).

Lucinoma acutilineata and Macoma albaria have
their highest stratigraphic occurrences in the As-
toria Formation of southwestern Washington and of
the Newport embayment of coastal Oregon, in
faunas of Newportian age (Addicott, 1976b). Ma-
coma albaria is reported in faunas no older than Pil-
larian in the Clallam Formation in northwestern
Washington and the Nye Mudstone of the Newport
area in Oregon (Moore, 1963; Addicott, 1976a). In
the Pacific Northwest, Natica clausa first occurs in
Newportian faunas of the Astoria Formation. Its
reported first occurrence in Alagka is in lower Mio-
cene strata in the upper Poul Creek Formation
(Marincovich, 1977), and it has sinece been recog-
nized in the Juanian fauna of the so-called Narrow
Cape Formation on Sitkinak Island in the western
Gulf of Alaska (R. C. Allison, oral commun., 1977).
Natica oregonensis was formerly known only in the
Pacific Northwest, where it ranges from the Pil-
larian (Nye Mudstone) to Wishkahan (Empire
Formation) ; it has been questionably identified in
the Newportian fauna of the Narrow Cape Forma-
tion on Kodiak Island in the western Gulf of Alaska
(R. C. Allison, oral commun., 1977).

The single Topsy species with Asian affinities is
Periploma besshoense, which is known in Eocene or
Oligocene to upper Miocene strata in Japan (Kanno,
1971; Hatai and Nisiyama, 1952). This species has
a variable shell outline in Japanese faunas, and
Kanno (1971) noted the presence of two distinet
morphologic forms of P. besshoense in strata at
Cape Yakataga. Kanno (1971) collected the typical
Japanese form, nearly circular in outline, in the
upper part of the Poul Creek Formation and a more
elongate and somewhat rostate form in the overlying
Yakataga Formation. The elongate form in the
lower part of the Yakataga Formation is also pres-
ent in the Topsy (fig. 3), so if Kanno’s (1971) ten-
tative conclusions are correct, this form of P. bess-
hoense would strengthen correlation of the Topsy
Formation with the lower Yakataga Formation at
Cape Yakataga.

In summary, the Topsy molluscan fauna corre-
lates with Newportian faunas at Cape Yakataga and
in Washington and Oregon. Further, the occurrence
together of Fusitriton oregonensis, Macoma albaria,
and Lucinoma acutilineata suggests probable assign-
ment of the Topsy to the upper Newportian Stage
of latest early Miocene and early middle Miocene
age. This interval is approximately equivalent to the
Relizian and Saucesian Stages of California benthic
foraminiferal terminology, based on interpretations
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24.

25.

26.
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Periploma (Aelga) besshoense (Yokoyama).
USNM 250860. Height 33.4 mm, length 54.2
mm.

Macoma albaria (Conrad). USNM 250862.
Height 16.5 mm, length 22.1 mm.

4. Right valve,
5. Dorsal aspect.
6. Left valve,

Macoma aff. M. twinensis Clark,

7. USNM 250866, right valve, height 12.7
mm, length 20.0 mm.

8. USNM 250865, left valve, height 17.56 mm,
length 23.4 mm.

9. USNM 250865, dorsal aspect.

Macoma incongrua (von Martens). USNM
250864. Right valve, height 14.7 mm, length
19.1 mm,

Spisula addicotti Kanno. USNM 250871, right
valve, height 14.6 mm, length 22.7 mm,

Nuculana (Saccella) sp. USNM 250867, right
valve, height 11.3 mm, length 17.0 mm.

Macoma aff. M. albaria (Conrad). USNM
250863.

13. Left valve, height 15.3 mm, length 24.8
mm,

14. Dorsal aspect.

Lucinoma acutilineata (Conrad)., USNM 250861.
Specimen distorted.

15. Left valve, height 40.0 mm, length 44.4
mm.
16. Right valve.

Thyasira eof. T. disjuncta (Gabb). USNM
250870, left valve, height 36.5 mm, length 36.2
mm,

Acile (Truncacila) taliaferroi Clark, USNM
250868, height 15.8 mm, Iength 17.3 mm.

18. Dorsal aspect.
19. Right valve.

Fusitriton oregonensis  ( Redfield). USNM
250874, height 39.7 mm, diameter 22.5 mm.
Specimen distorted.

20. Apertural view.
21. Backside view, showing spiral sculpture.

Calliostoma sp. USNM 250872, height 22.8 mm,
diameter 26.2 mm. Specimen distorted.

22. Apertural view.
23. Backside view, showing fine spiral sculp-
ture.

?Colus sp. USNM 250876, height 27.6 mm, diam-
eter 16.2 mm. Specimen distorted and worn.
Natica (Cryptonatica) clause Broderip and
Sowerby. USNM 250869, height 10.4 mm, di-

ameter 10.0 mm,

Natica (Cryptonatica) oregonensis (Conrad).
USNM 250873, height 11.1 mm, diameter 8.0
mm.

INeptunea (Neptunea) plafkeri Kanno. USNM
250875, height 54.0 mm. diameter 36.3 mm.
Apertural view, specimen distorted.

Neptunea (Sulcosipho) cf. N. (8S.) tabulata
(Baird). USNM 250877, height 42.3 mm,
greatest diameter 39.0 mm, least diameter
22.9 mm. Specimen distorted.

Cc7

28. Oblique apertural view, showing spiral
sculpture.

29. Apertural view, showing shoulder tab-
ulation.

30. Backside view, showing spiral sculpture.

in waters less than 8°C off of southern California
(Valentine and Emerson, 1961).

Modern surface-water temperatures in the eastern
Gulf of Alaska range from monthly averages 0of 6.7°C
in February to 14.4°C in August (LaViolette and
Seim, 1969). Nearshore marine temperatures signifi-
cantly different from those of the modern Lituya
district are not required to account for the Topsy
fauna.

SYSTEMATIC PALEONTOLOGY

Acila (Truncacila) taliaferroi Clark, 1932
Figures 18-19

This species is characterized by its moderate size
and relatively high shell, somewhat inflated valves,
nearly vertical axis of bifurcation of its fine, sub-
dued radial sculpture and by the shape of its escut-
cheon. Interior features of the valves are unknown.

Acila (Truncacila) taliaferroi is most similar to
A. (T.) conradi (Meek, 1864), which occurs in the
lowermost Pillarian and Newportian Stages of the
Pacific and in coeval beds in California, and to A.
(T.) empirensis Howe, 1922, known from the Wish-
kahan and Graysian(?) Stages of the Pacific North-
west. Acila taliaferroi and A. conradi are identical
in shell outline and inflation of their valves. How-
ever, A. taliaferroi may be distinguished by its
smaller size (A. conradi attains a height of 21.7
mm ; Schenck, 1936), relatively greater height, less
elongate escutcheonal area, and distinctly more ver-
tical axis of bifurcation of the radial ribs. The last
two features are most useful for quickly separating
specimens of the two species. Both species show a
band of obsolete radial ribbing along the adult ven-
tral shell margin, but the occurrence of secondary
bifurcation of the radial ribs is more pronounced on
A. conradi than on A. taliaferrot.

Compared to A. empirensis, A. taliaferrot is
smaller (the former species is as much as 19.3 mm
high and 25.9 mm long; Schenck, 1936), has a more
acutely rounded anterior extremity and finer radial
sculpture standing in much lower relief. In addition,
the angle of bifurcation of the radial sculpture is
more vertical in A. taliaferroi and the secondary
bifurcation is less pronounced than in A. empirensis.
Undistorted individuals of A. taliaferroi usually have



C8 SHORTER CONTRIBUTIONS TO PALEONTOLOGY, 1979

more inflated valves than specimens of A. conradi
or A. empirensis.

The largest individual of A. taliaferroi from the
Topsy Formation is 15.8 mm high and 17.3 mm long,
and the smallest is 12.0 mm high and 12.1 mm long.
Specimens from the lower part of the Yakataga For-
mation throughout the Gulf of Alaska region are of
similar size. Wherever they occur, however, most
individuals are somewhat distorted from burial com-
paction and tectonic forces.

The precise stratigraphic range of A. taliaferroi
has not been established. It has been reported pre-
viously only from about the upper 213 m of the Poul
Creek Formation (Clark, 1982; Addicott and others,
1971) and from the lower part of the Yakataga
Formation (Kanno, 1971) in the Yakataga district.
These occurrences span a stratigraphic interval ap-
proximately equal to the Pillarian and Newportian
Stages (early Miocene through early middle Mio-
cene) of the Pacific Northwest.

Lucinoma acutilineata (Conrad, 1849)

Figures 15-16

The combination of nearly circular outline, regu-
larly spaced and sharply raised concentric lamellae,
and concentric interspaces with numerous fine
threads distinguishes this species. As noted by Ad-
dicott (1976a), L. acutilineata is usually preserved
with articulated valves, as it is in the Topsy Forma-
tion. All Topsy specimens are distorted.

The specimens at hand are the first ones reported
from Alaska, although this species is found com-
monly in middle Tertiary strata in Washington,
Oregon, and California. The earliest occurrence of
L. acutilineata is in the Eugene Formation of west-
central Oregon (Hickman, 1969), strata which have
been assigned to the late Eocene to early Oligocene
part of the Galvinian Stage by Armentrout (1975).
Its highest startigraphic appearance is in the Astoria
Formation in northwestern Oregon (Moore, 1963),
which is included in the Newportian Stage (Addicott,
1976b). The presence of L. acutilineate in the Topsy
fauna provides a significant tie with the better
known Tertiary faunas of Washington and Oregon
and is evidence that the Topsy is no younger than
early middle Miocene.

The modern homologue of this species is Lucinoma
annulata (Reeve, 1850), which lives in depths of 20
to 800 m between Alaska and Baja California, Mexi-
co, but is found most abundantly in the inner sub-
littoral zone (0—100 m) (Burch, 1944). Compared to
L. acutilineata, L. annulata has a shorter posterior
dorsal margin (Stewart in Tegland, 1933) and a

heavier hinge (Moore, 1963). As also pointed out by
Moore (1963), the anterior tooth on the right valve
of L. acutilineata is short and blunt, rather than
thin and bladelike on L. annulate, and the cardinal
tooth seems to be shorter on L. annulata. In addition,
the left anterior tooth of L. acutilineata is heavier
and not so deeply incised as on L. annulata (Moore,
1963).

Macoma albaria (Conrad, 1849)
Figures 4-6

This species is characterized by its relatively
small size, by the proximity of its beaks to the pos-
terior end, and by its posteriorly flexed valves.

Macoma albaria has not been recognized previ-
ously from Alaska. Its presence in the Topsy pro-
vides a new tie between Tertiary strata of the Gulf
of Alaska and the Pacific Northwest. This bivalve
is well known in Miocene deposits in Oregon and
Washington, where it has been reported in the Pil-
larian Nye Mudstone and Newportion Astoria For-
mation in western Oregon (Moore, 1963) and in the
Pillarian Clallam Formation in northwestern Wash-
ington (Addicott, 1976a). As noted by Addicott
(1976a), M. albaria is similar to M. twinensis
Clark, 1925. The latter species is known from upper
Oligocene rocks in northwestern Washington and is
doubtfully reported from the lower Miocene Clallam
Formation (Addicott, 1976a) in the same area. The
importance of M. albarie in the Topsy rests on its
last known occurrence in middle Miocene strata of
Oregon. Even if its stratigraphic range were ex-
tended to encompass the upper Oligocene records
now assigned to M. twinensis, its value in dating the
Topsy Formation would not be diminished.

Macoma aff. M. albaria (Conrad, 1849)
Figures 13-14

This species is represented by a single left valve
that is well preserved and nearly complete but shows
only exterior features. Its shape is most similar to
that of M. albaria (Conrad, 1849), which occurs in
lower and middle Miocene strata of Oregon and
Washington (Moore, 1963; Addicott, 1976a). How-
ever, the Topsy specimen is distinctly more inflated
than M. albaria, has a straighter ventral margin, a
more prominent umbo, and blunter posterior termi-
nation. This valve is also similar to M. fwinensis
Clark, 1925, which is found in faunas of late Oligo-
cene and possibly early Miocene age in Oregon and
Washington (Addicott, 1976a), but differs from the
latter species by its more prominent umbo, smaller
relative height, and more inflated left valve. An-
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other similar species is M. brota Dall, 1916, which
lives from Arctic Canada to Puget Sound, Wash.,
and is reported in Pleistocene faunas in Arctic
Canada and British Columbia (Coan, 1971). The
Topsy Macoma, however, is distinguished from M.
brota by having a less elevated anterior dorsal mar-
gin, a more narrowly rounded anterior end and
straighter ventral margin, and a distinctly more in-
flated left valve. Future studies may reveal an an-
cestral relation between M. brote and the Miocene
Macomas mentioned here.

Macoma incongrua (von Martens, 1865)

Figure 10

This relatively small Macoma is characterized by
its inflated valves, broadly and evenly rounded an-
terior end, and acutely angled posterior end. The
posterior dorsal and ventral margins are straight
and steeply sloping, and there is a distinct flexure
to the right and a slight gape at the posterior end.

This species is the most frequently encountered
Macoma in Gulf of Alaska Tertiary strata. It is well
represented in beds of the lower part of the Yaka-
taga Formation in the Yakataga and Lituya dis-
tricts (of presumed early to late Miocene age) and
has been reported in the upper part of the Poul
Creek Formation at Cape Yakataga (Kanno, 1971)
in beds of presumed early Miocene age. Its occur-
rence in the Pliocene and Pleistocene portions of
the Yakataga Formation has been reported but not
well documented, and it has been questionably re-
ported in strata as old as late Oligocene (Kanno,
1971).

As noted by Coan (1971) and Kanno (1971),
Holocene specimens from the northeastern Pacific
referred to M. incongrua differ in interior shell fea-
tures from Holocene specimens of Japan (from
which the holotype comes). Northeastern Pacific
Pleistocene and Holocene specimens referred to M.
incongrua by earlier workers have been placed in
Macoma (Macoma) obliqua (Sowerby, 1917) by
Coan (1971), a species also recognized in the Red
Crag (lower Pleistocene) of England. Because interi-
or shell features are not observable in most Alaskan
Tertiary specimens referred to M. incongrua, and
differences between M. incongrua and M. obligue
are not always expressed in exterior morphology, the
identity of specimens from the upper part of the
Poul Creek and lower part of the Yakataga Forma-
tions is uncertain. It is most probable that these
Miocene specimens belong to M. incongrue rather
than M. obliqua, but proof of this will depend on col-

lecting more Alaskan specimens in which interior
features can be observed.

Individuals from the Topsy Formation figured
here are of average size for Gulf of Alaska Tertiary
specimens.

Macoma aff. M. twinensis Clark, 1925
Figures 7-9

Specimens from the Topsy Formation are juve-
niles and young adults, resembling the holotype of
M. twinensis Clark, 1925, which is also a juvenile
specimen. Juveniles of M. twinensis differ from
adults by having a more acutely rounded posterior
end and less distinct umbones.

Macoma twinensis is reported in faunas of late
Eocene through early Miocene age in the Pacific
Northwest, its highest stratigraphic occurrence be-
ing doubtfully identified specimens from the lower
Miocene Clallam Formation (Addicott, 1976a). The
largest Topsy specimens are much more inflated
than young adults of M. twinensis from the Pacific
Northwest, so their species assignment will be un-
certain until adult Topsy specimens are collected.

Mya sp.

This genus is represented in the Topsy Forma-
tion by a single right valve with its posterior end
missing. The specimen is 52 mm high, with its umbo
and ventral margin nearly intact.

The Topsy specimen most probably is Mya (Mya)
cuneiformis (Boehm, 1915), which commonly occurs
in Yakataga Formation faunas of presumed middle
Miocene age in the Lituya district and is especially
abundant in the Cenotaph Island section. MacNeil
(1965) cited records of M. cuneiformis from pre-
sumed middle Miocene strata in the Cape Yakataga
area and on Kodiak Island, Alaska, and from pre-
sumed middle Miocene to lower Pliocene beds in
Japan and Sakhalin. Mya (Mya) truncete Linnaeus,
1758, is also common in middle Miocene to Holocene
faunas of southern Alaska (MacNeil, 1965), though
it is not so common as M. cuneiformis in the Yaka-
taga Formation of the Lituya district.

In the modern northeastern Pacific, Mya species
occupy a bathymetric range from the intertidal zone
to 50 m (Keen and Coan, 1974), burrowing into
sandy mud.

Nuculana (Saccella) sp.

Figure 12
Saccella is characterized by having a pointed pos-

terior rostrum, sculpture of strong concentric rugae,
posterior and anterior series of teeth equal, and a
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U-shaped pallial sinus. The Topsy specimens are
molds and casts that preserve only small portions of
exterior sculpture and hinge lines and that lack im-
pressions of pallial lines. The visible features of
these specimens, however, suggest placement in
Saccella. This subgenus is represented by many
North Pacific Tertiary species, although it has not
vet been recognized in the Yakataga Formation.

Periploma (Aelga) besshoense (Yokoyama, 1924)
Figure 3

When typically developed, the shell of this species
is nearly equidimensional, with its posterior ex-
tremity distinctly compressed and slightly produced;
the anterior margin is broadly rounded. The most
common variation is for the posterior end to be
greatly produced and broadly rounded, whereas the
anterior end is reduced and often slightly truncated
(Kanno, 1971).

This species was described from Japan, where it
occurs in Oligocene and Miocene strata. Kanno
(1971) recognized it in the upper part of the Poul
Creek Formation and the lower part of the Yakataga
Formation of the Yakataga district. He further
noted that the posteriorly elongate variety seemed
to occur only in the lower part of the Yakataga For-
mation, whereas the typical variety was found only
in the upper part of the Poul Creek Formation. The
Topsy Formation specimen is of the elongate variety
known in the lower part of the Yakataga Formation,
which provides a possible link between these two
stratigraphic intervals. As emphasized by Kanno
(1971), the seeming division of shell forms hetween
the Yakataga and Poul Creek Formations requires
confirmation.

Periploma lives in the modern northeastern Pacific
in depths of 20 to 90 m (Burch, 1944; Keen and
Coan 1974) ranging from Alaska to Peru.

Spisula addicotti Kanno, 1971
Figure 11

The shell of this species is elongate anteriorly,
with prominent umbones situated posteriorly, and
broadly rounded anterior and posterior extremities
(especially in younger individuals).

This species has been reported only from the Poul
Creek Formation (upper Eocene to lower Miocene;
Allison, 1976) in the Yakataga district (Clark, 1932;
Kanno, 1971; Addicott and others, 1971). Thus, its
presence in the Topsy Formation is its highest
known stratigraphic occurrence. The Topsy speci-
men is a juvenile showing the broadly rounded ex-
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tremities that seem to characterize this species,
especially in younger individuals.

Spisula addicotti may be a junior synonym of S.
trapezoides (Clark, 1932), which is known from the
upper part of the Poul Creek Formation (lower
Miocene; Allison, 1976) in the Yakataga district
(Clark, 1982; Addicott and others, 1971) and from
Wishkahan faunas of the upper part of the Bear
Lake Formation (upper middle Miocene to upper
Miocene) on the Alaska Peninsula (R. C. Allison,
oral commun., 1977). Compared to illustrations of
the holotype of S. trapezoides, (Clark 1932; Addi-
cott and others, 1971), S. addicotti appears to have
a distinetly more elongate posterior end and a more
evenly rounded posterior termination. However, the
Topsy specimen of S. addicotti and the holotype of
S. trapezoides are juveniles, making comparisons
difficult.

Modern northeastern Pacific Spisula species in-
habit depths from the intertidal zone to 100 m in
sand substrates of exposed beaches and bays (Keen
and Coan, 1974).

Thyasira cf. T. disjuncta (Gabb, 1866)
Figure 17

This lucinacean bivalve is characterized by its
trigonal shape, broadly arched posterior dorsal mar-
gin, nearly straight anterior dorsal margin, strong
sulcus that extends along the posterior dorsal slope
from the umbo to the anterior ventral margin, and
edentulous hinge.

Although some molluscan specialists have con-
sidered T. disjuncta to be synonymous with 7.
bisecta (Conrad, 1849), Bernard (1972) has ex-
haustively documented the anatomical differences
and pointed out the distinctive shell morphology of
each. I follow Bernard (1972) in considering Con-
chocele Gabb, 1866, into which 7. disjuncta has often
been placed, a junior synonym of Thyasira. The
straight rather than concave anterior dorsal margin
and less prominent umbo of 7. disjuncta that dis-
tinguish it from 7. bisecta are missing from the
Topsy specimen. T. bisecta has never been reliably
reported in Alaska Tertiary faunas, and illustrated
Thyasira specimens from the Poul Creek Formation
(Clark, 1932; Kanno, 1971; Addicott and others,
1971) are undoubtely T. disjuncta. It is highly prob-
able that the Topsy specimen is also T. disjuncta,
although confirmation of this will depend on finding
additional specimens.

Thyasira disjuncta is known in the North Pacific
from late Eocene or early Oligocene to Holocene and
in the modern Caribbean fauna (Boss, 1967). Be-
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cause of confusion by past workers between T. dis-
juncta and T. bisecta, it is difficult to determine from
literature records the exact geographic range of the
former species in the North Pacific. In Gulf of
Alaska Tertiary strata, T. disjunctae is recorded from
the lower part of the Poul Creek Formation (Kanno,
1971) as well as from the upper part (Clark, 1932;
Addicott and others, 1971) in the Yakataga district.
Specimens from a large erratic boulder at Cape
Yakataga were judged by Kanno (1971, p. 62) to
have come from the Poul Creek Formation, though
he considered it possible they could have come from
the overlying Yakataga Formation. The only known
record of this species from the Yakataga Formation
in the Yakataga district is that of XKanno (1971, p.
22) from the Chaix Hills in strata of probable late
Miocene or Pliocene age. Because its stratigraphic
occurrence represents such an extensive time inter-
val, even though the species occurs widely, it is not
useful for correlation or age determination.

Besides T. disjuncta, the only other Tertiary
Thyasira known in Alaska is T. alaskana Kauffman,
1969. This species occurs on the Arctic coastal plain
of northeastern Alaska, in the upper Miocene(?)
and Pliocene Nuwok Member of the Sagavanirktok
Formation, and is of Atlantic affinities.

Calliostoma sp.
Figure 22-23

This genus has not been reported previously as a
fossil in Alaska, although species of Calliostoma do
live today as far north as southeastern Alaska. The
species from the Topsy Formation is most similar
to Calliostoma cammani Dall, 1909, from the middle
to lower Pliocene Empire Formation in Oregon.
However, sculptural features of the Topsy specimen
exclude it from C. cammani. It might belong to one
of the Tertiary species described from Japan, the
oldest of which is said to be Oligocene in age (Hatai
and Nisiyama, 1952), or from the eastern Soviet
Union. At present, no comparative specimens of
Japanese or Soviet Calliostoma species are available,
and literature citations are not sufficient to evaluate
them, so comparisons with the Topsy specimen must
be deferred.

2Colus sp.
Figure 24

The elongate fusiform shell and relatively small
aperture of the Topsy specimen suggest placement
in Colus or an allied genus. This specimen is too
worn and incomplete for certain generic placement,
but parts of the exterior surface appear to be in-
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tact and smooth, further suggesting Colus as the
most likely genus. Colus specimens are in the Poul
Creek and Yakataga Formations, but are often too
worn for specific identification, considering that dif-
ferences among many Colus species are subtle.

Natica (Cryptonatica) clausa
Broderip and Sowerby, 1829

Figure 25

A smooth, nearly globular shell with a semicir-
cular callus concealing the umbilicus characterizes
this species. It is distinguished from N. (C) ore-
gonensis (Conrad, 1865) by its less elongate body
whorl and lower spire. In general, fossil specimens
of N. clausa also have distinctly thicker shells than
N. oregonensis; modern individuals of N. clausa
tend to have somewhat thinner shells than fogssil
specimens.

Natica clausa oceurs commonly in cool- and cold-
water Miocene to Holocene faunas of the North Pacif-
ic and is the only naticid found routinely in Alaskan
Neogene and Pleistocene strata. Its reported first
occurrence in the Gulf of Alaska Tertiary Province
is in the upper part of the Poul Creek Formation
(lower Miocene) of the Yakataga district (Marin-
covich, 1977), from strata of presumed late Juanian
or Pillarian age. A coeval or possibly older occur-
rence is now known in the Juanian fauna of the so-
called Narrow Cape Formation on Sitkinak Island
in the western Gulf of Alaska (R. C. Allison, oral
commun., 1977).

The single specimen of N. clausa from the Topsy
Formation is 10.4 mm in height and 10.0 mm in
diameter, which is average for Miocene specimens
and much smaller than Pliocene to Holocene indi-
viduals. All fossil and modern occurrences of N.
clausa are in faunas of decidedly cool- or cold-water
aspect or in faunas with a well-developed cold-water
element (Marincovich, 1977), so the presence of this
species in the Topsy is strong evidence for a cool-
temperate or slightly colder marine hydroclimate.

Natica (Cryptonatica) oregonensis (Conrad, 1865)
Figure 26

This species is characterized by its smooth whorls
and its semicircular callus concealing the umbilicus
and by its elevated spire and elongate body whorl.
These last two characters distinguish N. oregonensis
from the related N. clousa Broderip and Sowerby,
which also occurs in the Topsy Formation.

This is the first certain report of N. oregonensis
north of Washington and Oregon, although it has
been questionably identified in the Newportian fauna
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of the Narrow Cape Formation on Kodiak Island in
the western Gulf of Alaska (R. C. Allison, oral
commun., 1977). It was previcusly known from the
Astoria Formation of western Washington and west-
ern Oregon (Newportian Stage) and from the Em-
pire Formation at Coos Bay, Oregon (Wishkahan
and Graysian(?) Stages as used by Allison, 1976)
(Marincovich, 1977). It is now also known in the
Nye Mudstone (Pillarian Stage) of northwestern
Oregon, on the basis of reassignment to the Nye
Mudstone of localities formerly attributed to the
Astoria Formation in northwestern Oregon (W. O.
Addicott, oral commun., 1977). These verified oc-
currences range in age from early Miocene to early
late Mioccene.

INeptunea (Neptnnea) plafkeri Kanno, 1971
Figure 27

This species is discriminated from other Tertiary
Neptuneas and similar large gastropods in the Gulf
of Alaska region by its high spire, acute apical
angle, long anterior canal, and nearly smooth shell
sculptured only with fine incremental growth lines
and a few radial varices of low relief near the aper-
ture (Kanno, 1971; Nelson, 1974).

The poor condition of the Topsy specimen, missing
all but an incomplete and worn body whorl, makes
identity uncertain. This specimen is not deeply sculp-
tured as are many Neptuneas, and the best preserved
parts of the exterior surface show only fine incre-
mental growth lines.

Neptunea plaflkeri was described from specimens
collected in the lower part of the Yakataga Forma-
tion at Cape Yakataga (Kanno, 1971), and it has
also been collected in the upper part of the Poul
Creek Formation there (C. A. Ariey, 1978a). This
species is also reported from several Miocene locali-
ties of the Yakataga Formation in the Yakataga
district and in beds now assigned to the Topsy For-
mation at Icy Point in the Lituya distriet (Nelson,
1974). The sum of its known stratigraphic occur-
rences suggests a range of about early Miocene to
middle or possibly late Miocene for N. plafkeri.

Neptunea (Sulcosipho) cf. N. (S.) tabulata (W. Baird, 1863)
Figures 28-30

When seen as well-preserved fossil or modern
specimens, N. tabulata is easily recognized by its
elongate shape, strongly tabulate shoulder bounded
by a thickened and minutely scaly spiral cord, and
by its fine spiral ribs covering the whole outer sur-
face. The Topsy specimen is a distorted and incom-
plete body whorl lacking earlier whorls or an an-
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terior canal. The tabulate shoulder and fine spiral
sculpture show up well and suggest placement of the
specimen in N. tabulata. Even though there appear
to be three sizes of spiral ribs on both N. tabulata
and the Topsy specimen, however, the ribs of true N.
tabulata are more boldly sculptured, seem to occur
in a more regular sequence, and appear to be sepa-
rated by wider interspaces than the ribs of the
Topsy individual.

The specimens figured by Kanno (1971) as Nep-
tunea (Sulcosipho) cf. N. (S.) tabulate appear to be
the same as the Topsy shell. A specimen cited by
Clark (1932) and refigured by Addicott and others
(1971) as Neptunea aff. N. tabulata also probably is
the same species. Kanno’s (1971) specimens were
collected from the lower part of the Yakataga For-
mation at Cape Yakataga, and Clark’s (1932) speci-
mens from the same area also probably came from
the lower part of the Yakataga Formation (Addi-
cott and others, 1971). Nelson (1974) reported this
species in middle Miccene to lower Pliocene beds of
the Yakataga Formation throughout the Gulf of
Alaska Tertiary Provinee. Recent collecting at Cape
Yakataga has produced this species from the upper
part of the Poul Creek Formation (C. A. Ariey,
1978a). Thus, the known occurrences of this species
indicate an approximate age range of early Miocene
to early Pliocene.

Fusitriton oregonensis (Redfield, 1846)
Figures 20-21

The characteristic features of this high-spired
snail are its coarse axial ribs and fine, flattened
spiral costae that are usually bifurcated. Most spiral
interspaces on the Topsy specimen contain one
slender thread, although such threads may be absent
or as numerous as three per interspace (Smith,
1970).

This species is well known in North Pacific Mio-
cene and younger faunas, being most abundant in
Pliocene and younger strata from Japan and Alaska
south to California (Smith, 1970). Until recently,
no precise data were known on the earliest occur-
rence of F. oregonensis. Smith (1970) reported
specimens of “Fusitriton sp. ? aff. F. oregonensis”
from Cape Yakataga Miocene strata of either the
Poul Creek or Yakataga Formations. Recent col-
lecting by C. A. Ariey (oral commun., 1977), how-
ever, showed F'. oregonensis missing from the upper
part of the Poul Creek Formation at Cape Yakataga
but present in the stratigraphically highest New-
portian fauna and in the Wishkahan fauna of the
lower part of the Yakataga Formation there. Thus,
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the oldest verified occurrence of this species is in the
early middle Miocene portion of the Newportian
Stage, thereby making F. oregonensis the species
most important for inferring a maximum age for
the Topsy fauna.

Modern occurrences are in temperate to cold
waters of the North Pacific rim from Japan to
southern California. Although F. oregonensis is
known from depths as great as 2,370 m, it has been
observed in the intertidal zone from Puget Sound,
Washington, to southeastern Alaska, and in depths
as shallow as 18 m in the southern Bering Sea and 9
m in the Gulf of Alaska (Smith, 1970). Southwest
from the Bering Sea and south of Puget Sound, it
lives in progressively greater depths. It has been
collected in temperatures of 7-11°C in Puget Sound
and in waters less than 8°C off of southern Cali-
fornia (Valentine and Emerson, 1961).

FOSSIL. LOCALITY DESCRIPTIONS

The following locality numbers for the Topsy
Formation are assigned by the Menlo Park, Calif.,
center of the U.S. Geological Survey. Fossil collec-
tions are housed in the Branch of Paleontology and
Stratigraphy, Menlo Park, Calif., except for illus-
trated specimens, which are kept in the National
Museum of Natural History, Washington, D.C.:

M6525 (Plafker field locality 75APr45A) .—Isolated
outcrop in intertidal zone of rock and sand
beach about 8.3 km northeast of Iey Point; 669
m south and 274 m west of NW. cor. sec. 15, T.
40 S., R. 50 E., Mt. Fairweather (B-4) quad-
rangle, Lituya district, southeastern Alaska.
Collected by George Plafker and Travis Hudson,
June 1975.

M6526 (Plafker field locality 75APr40A).—Isolated
outerop along southern margin of Finger Gla-
cier, 182 m south and 486 m west of NE. cor.
sec. 33, T. 39 S., R. 50 E., Mt. Fairweather
(B-4) quadrangle, Lituya district, southeastern
Alaska. Collected by George Plafker and Travis
Hudson, June 1975.

M6527 (Plafker field locality 75APr43D) .—Isolated
outcrop in intertidal zone of rock and sand
beach, about 5.8 km north of Icy Point; 780 m
south and 30 m east of NW. cor. sec. 10, T. 40
S., R. 40 E., Mt. Fairweather (B-4) quad-
rangle, Lituya district, southeastern Alaska.
Collected by George Plafker and Travis Hudson,
June 1975.

M6528 (Marincovich field locality 75AM65).—Iso-
lated outecrop near head of Fall Creek, along
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strike from lower part of type-section of Topsy
Formation, 289 m south and 274 m west of NE.
cor. sec. 33, T. 37 S., R. 48 E., Mt. Fairweather
(C-5) quadrangle, Lituya district, southeastern
Alaska. Collected by Louie Marincovich, George
Plafker, and Travis Hudson, June 1975.
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VARIABILITY in TRITHYRODINIUM DRUGG 1967
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FI1GURE 3.—Sketches of endopercular pieces from specimens shown in figure 2, in same sequence. Position of
1a, 2a, and 3a paraplates are shown in figure 34, C, and F. Note the increasing height of 2a paraplate,
which does not contact apical series in A-C; 3D shows the 2a paraplate just making contact with the api-
cal series; E-H shows 2a paraplates, which make contact with the apical series. The 11-sided archeo-
pyle outline is shown in A; the 12-sided archeopyle outline is shown in H. Hexagonal 1a and 3a para-
plates and a pentagonal 2a paraplate are shown in B; pentagonal 1a and 3a paraplates and a hexagonal
2a paraplate are shown in G. The clockwise numbering of endoarcheopyle and paraplate sides is not in-
tended as a formal morphologic nomenclature but is used only for illustration.

shown in figure 24—H, and sketches illustrating the
gradation within the same specimens are shown in
figure 34—H. All specimens illustrated come from
one sample (R1023K), collected about 5 m above the
base of the section at Poricy Brook (fig. 1).

In 7. cf. T. fragile the morphologic gradation in
the anterior intercalary series consists of variations
in the height of the 2a paraplate, the number of
sides per paraplate, and the relative positions of the
anterior paraplate margins. At one extreme the 2a
is reduced in height, the 1a and 3a paraplates join
anterior of the 2a, and the 1a and 3a paraplates are
hexagonal whereas the 2a is pentagonal (fig. 24-C,
fig. B4A-C). Where the 2a is increased in height, it

makes contact with the apical series, separating the
la from the 3a, and causes all three anterior inter-
calary paraplates to become pentagonal (fig. 2D, fig.
fig. 3D). At the other extreme, the 2a paraplate, in
contact with the apical series, is broadened along its
anterior margin, causing further separation of the
1la and 38a paraplates and thus forming a standard
anterior intercalary series. In this series, all three
paraplates make contact with the apical series, and
the 1a and 3a paraplates are pentagonal whereas the
2a is hexagonal (fig. 2E-H, fig. 3E~H). This para-
plate configuration can be referred to as a standard
configuration, whereas the other configuration, in
which only the 1a and 3a paraplates make contact
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with the apical series, can be referred to as a non-
standard configuration. These terms will be used in
this report for the purpose of discussion. Close ex-
amination of the pericyst shows the periarcheopyle to
be similar in size and outline to the endoarcheopyle,
indicating a 3I/31 archeopyle formula (as in Evitt,
1967) ; however, the delicate nature and frequent
absence of the pericyst make it difficult to study in
the same detail as the endocyst.

A few specimens of 7. cf. T. fragile have lost their
anterior intercalary paraplates (the endopercular
pieces). Although in such specimens the geometry
of the adjacent endopercular paraplate boundaries
cannot be seen, the existence of the extremes in
gradation can still be determined by the number of
sides and moorphology of the endoarcheopyle. Where
the 2a paraplate is reduced and does not make con-
tact with the apical series (fig. 24-C, Fig. 34-C),
the archeopyle is 11 sided, and the central anterior
margin of the archeopyle is V shaped (fig. 44).
Where the 2a contacts the apical series and is broad-
ened along its anterior margin, the archeopyle is 12
sided, and the central anterior margin of the archeo-
pyle forms a truncated V (fig. 4B). Thus, this type
of variability in Trithyrodinium endopercular pieces
and endoarcheopyle outline can be detected whether
the anterior intercalary paraplates are in position
or not.

Another example of this type of endoarcheopyle
and endopercular-piece variability is seen in
T. striatum Benson, 1976. Specimens displaying this
variability occur in the Upper Cretaceous Severn
Formation (formerly Monmouth Formation) of
Round Bay, Md. (fig. 1). Less variable specimens
were recovered from the Navesink Formation and
Red Bank Sand (both of the Monmouth Group) at
Atlantic Highlands, N.J. (May, 1976, p. 240). As
with 7. cf. T. fragile, the complete gradation exists
within single populations of T. striatum from the
Severn Formation. Although specimens of 7. stri-
atum frequently have lost their endopercular
pieces, the general variation in the endoarcheopyle
outline supports the idea that they too vary the same
way. Also, the same variation is seen in the few
specimens that retain part or all of their opercular
pieces (fig. 5A-D). Where the endopercular pieces
are missing, the 11- and 12-sided endoarcheopyles
are apparent.

In both T. cf. T. fragile and T. striatum the high
degree of variability in endoarcheopyle and endoper-
cular-piece morphology does not occur on all speci-
mens observed, nor was it present on specimens from
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FIGURE 4.—Variation in endoarcheopyle outline for trithy-
rodinioid cysts discussed in this report. A, Specimens where
reduced 2a paraplates do not make contact with the apical
series have 11-sided endoarcheopyles with V notch along
central anterior margin of endoarcheopyle. B, Specimens
where 2a paraplates do make contact with apical series
are somewhat broadened along anterior margin of the 2a
paraplate have 12-sided endoarcheopyles with truncated
V notch along central anterior margin of endoarcheopyle.

all collecting horizons. Similar-age specimens of 7.
cf. T. fragile observed in the U.S. Geological Survey
Clubhouse Crossroads Core (depth 317 m; late Cam-
panian) near Charleston, S.C., exhibited little varia-
bility in the anterior intercalary paraplates. All the
nearly 50 specimens observed had 2a paraplates that
made contact with the apical series. The specimens
of T. striatum that we observed in the Navesink For-
mation and Red Bank Sand at Atlantic Highlands,
N. J., also lacked the extreme variability, although
Evitt (oral commun., 1976) reported that he has
observed the complete gradation in specimens from
that area. At Round Bay, Md., the complete grada-
tion was observed in some samples but not in others.

TAXONOMIC CONSIDERATIONS

Although it might seem tempting to assign those
trithyrodinioid variants with standard and those
with nonstandard anterior intercalary paraplate con-
figurations to different taxonomic groups, in the
biological sense such assignments would be highly
artificial. As illustrated and described herein, the
standard and nonstandard configurations can be
intergradational within some single populations. The
fact that nonintergrading populations can be found
does not change this. For this reason we suggest
that the archeopyle formulas I/3I and 31/3I include
whatever intergradable morphologic variation can
be demonstrated in single populations. W. R. Evitt
(written commun., 1976) expressed the feeling that
the endoarcheopyle and endopercular-piece mor-
phologic variation reported herein is within the
intended use of the archeopyle formula 31/31. This









